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ABSTRACT 
 Tree plantations that use significant amounts of the government’s financial and human 
resources have been established in Indonesia. Unfortunately, the result has not been satisfactory. 
One of the primary reasons for this is that the government acted unilaterally in determining the 
locations and tree species planted, especially in production forest areas. To address this problem, 
the government has involved local communities in selecting locations and tree species through a 
“People’s Plantations” program. 
 In selecting planting locations and species to be planted, a number of physical, spatial, 
and socio-economic analyses have been conducted. Physical analysis helped identify potential 
land units suitable for plantation areas at different locations. In addition, spatial analysis using 
GIS helped determine the suitability of these land units based on the proximity of the land units 
to the roads, villages, and product markets or industries. Socioeconomic analysis indicated the 
locations and tree species preferred by the local community and other stakeholders, which were 
identified through interviews. Further, the selected tree and crop species were analyzed 
financially using Benefit Cost Ratio (BCR), Internal Rate Return (IRR), and Net Present Value 
(NPV).  
 The results of this research show that the local communities in villages have different 
preferences about selecting locations for tree plantations. These differences are due to the 
differences in the environmental conditions at each village. Likewise, the local community and 
non-community stakeholders have different preferences in selecting locations for tree 
plantations. The reason is that the non-community stakeholders ranked the characteristics of 
lands and weighted the criteria based on scientific assumptions, whereas the local community 
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stakeholders ranked the characteristics of lands and weighted the criteria based on the 
environmental conditions and practical experience in and around the villages. 
 Furthermore, based on the aggregate community preferences and after applying the 
General analysis, i.e. the analysis used to either clean up small erroneous data in the raster or to 
generalize the data to get rid of unnecessary details for a broader analysis, the production forest 
areas in Banjar district were ranked according to priority for tree plantation locations. Priority 1 
consists of 11 land units with a total land area of 37,027.90 ha (38.03%), Priority 2 occupies 43 
land units with a total land area of 40,655.44 ha (41.75%), and Priority 3 comprises 32 land units 
with a total land area of 19,120.83 ha (19.64%).  
 Based on the interviews with the community stakeholders, prioritized tree species for 
the People’s Plantations program were determined to be rubber (Hevea brasiliensis) 100%, 
candlenut (Aleurites moluccana) 63.7%, coffee (Coffea sp.) 53.2%, durian (Durio zibenthinus 
Murr.) 46.8%, teak (Tectona grandis) 33.1%, and langsat trees (Lansium domesticum) 12.1%, 
while the non-community stakeholder prioritized rubber 97.5%, mahoni (Swietenia macrophylla) 
52.5%, durian 45%, sengon (Paraserianthes falcataria) 35%, candlenut 32.5%, and teak trees 
27.5% for the People’s Plantations program. 
 The matching results of the land units to rubber tree requirements showed that all land 
units are not suitable for rubber tree plantations. This is because some characteristics of the land 
units do not meet the rubber tree requirements. These characteristics are (1) temperature regime 
(t) particularly annual average temperature, (2) water availability (w) especially the length of dry 
months, (3) rooting conditions (r) including soil drainage and rooting depth, (4) nutrient 
availability (n) specifically availability of phosphate (P2O5), and (5) terrain (s) particularly the 
number of rock outcrops.  
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 Nevertheless, the local communities still considers the rubber trees as their favorite 
species for a tree plantation. The reasons for this are they are familiar with cultivating the rubber 
trees, they get income (cash) every day from the rubber trees, they have a shorter time to harvest 
latex from rubber trees than from growing other tree crops, and they also get cash from rubber 
wood at the end of rotation. In addition, based on the financial analysis, with a Social Discount 
Rate 12% per year, rubber trees are economically viable to cultivate either with a hired labor or 
with a community’s own labor system. With the hired labor system, NPV = Rp.80,989,226, BCR 
= 1.78, and IRR = 43.34%. With the community’s own labor system, NPV = Rp.176,044,446, 
BCR = 21.29, and IRR = 66.35%. The three criteria meet the feasibility condition which states 
that a project or an activity should “go” when NPV > 0, BCR > 1, and IRR > current social 
discount rate. 
 In addition, with the social discount rate 12% per year, the Hartman model failed to 
maximize NPV in rubber tree plantations with a rotation age 25 years either with the hired labor 
or with the community’s own labor system because until a rubber tree is 25 years old, NPV is 
still increasing, and this indicates that rubber trees provide significant income from latex. 
However, if the social discount rate is lowered from 12% to 7% or 8% per year, the maximum 
NPV (the optimum rotation) would be achieved when the rubber tree is 23 years old, and if the 
discount rate is lowered from 12% to 1% - 6% per year, the maximum NPV occurs when the 
rubber tree is 22 years old. Those maximum NPVs are only achieved if the income from the 
rubber trees is also lowered with the hired labor system. It is likely that the optimum rotation is 
affected by a combination of income and social discount rates.  
 The most profitable agroforestry system implemented by the local communities is the 
combination of rubber trees and ginger. However, the local communities also grow a 
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combination of rubber trees and rice because rice is the main source of their staple food. In 
addition, the local communities grow a combination of rubber trees and peanuts to increase soil 
nitrogen fertility. The conclusions of this study are that the most suitable and profitable lands for 
tree plantations are the first priority areas and this study’s analyses indicate that they should be 
planted with a combination of rubber tree species and ginger to optimize profit.  
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CHAPTER I:  
INTRODUCTION 
1.1 Background 
 Indonesia has the most magnificent and diversified tropical forests in the world. In 
terms of area, Indonesian forest areas rank third behind Brazil and the Democratic Republic of 
Congo (Forest Watch Indonesia and Global Forest Watch, 2002). According to the Ministry of 
Forestry of the Republic of Indonesia (2008), the total area of Indonesian state forests is 120.35 
million hectares based on the synchronization of Forest Land Uses by the Consensus and 
Provincial Spatial Plan. The forest areas consist of permanent forests, which are 112.27 million 
hectares, and convertible forests, which are 8.08 million hectares. In addition, World Bank 
(2006) stated that forests of Indonesia are among the vastest, and the most diverse and valuable 
in the world. The forest sector supports the livelihoods of the rural poor and contributes to 
economic development in Indonesia. Forests also provide habitats that support biodiversity and 
supply environmental services.  
 Unfortunately, the forests in Indonesia are in crisis due to rapid deforestation, rampant 
illegal logging, and industrial decline. The Indonesian Governments and civil society realized 
that forestry is at a transition point from a past period of abundance to a future period of relative 
scarcity (World Bank, 2006). The Supreme Audit Board of the Republic of Indonesia (2008) 
affirmed that the condition of the forests has been degraded for several reasons, e.g. legal and 
illegal logging, forest fires, and the conversion of forest areas to estate crops and agricultural 
areas. Further, according to Forest Watch Indonesia and Global Forest Watch (2002), more than 
20 million hectares of forests have been cleared since 1985, but the majority of these lands have 
not been utilized effectively due to the following reasons: 
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1. Approximately 9 million hectares of natural forests have been allocated for the development 
of industrial timber plantations, but only about 2 million hectares have actually been planted. 
Consequently, 7 million hectares of former forest lands are abandoned. 
2. Almost 7 million hectares of forests were approved for conversion to estate crop plantations 
by the end of 1997, but only about 2.6 million hectares have actually been converted to oil 
palm plantations since 1985. New plantations of other estate crops probably account for 
another 1 - 1.5 million hectares. The implication is that three million hectares of former forest 
lands are lying idle. 
3. It is estimated that forests cleared by small-scale farmers since 1985 have reached 20% of the 
total forests. This means that about 4 million hectares were cleared or converted to other land 
uses between 1985 and 1997. 
4. A transmigration program that relocated people from densely populated Java to the outer 
islands was responsible for about 2 million hectares of forest clearance between the 1960s; the 
program ended in 1999.  
5.  More than 5 million hectares of forests burned in 1994, and another 4.6 million hectares 
burned in 1997 - 1998. Some of these lands are regenerating as scrubby forests and some have 
been colonized by small-scale farmers. 
 Further, Nawir et al. (2007) stated that deforestation results from direct and indirect 
factors, as described in Figure 1. 
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Figure 1. Causes of Forest Degradation in Indonesia (Nawir et al., 2007). 
Natural Criteria: 
 El Nino 
 Natural fires 
 Floods 
 Geomorphological 
condition 
 High rainfall 
Human activities: 
 Logging 
 Illegal logging 
 Forest fires in land 
preparation 
 Smallholder activities 
(e.g. plantations, estate 
crops, agricultural 
crops). This includes 
spontaneous 
transmigration and 
forest encroachment 
 Land management with 
inappropriate soil and 
water  conservation 
techniques 
 Coal and oil minings 
 
Market failures: 
 Under-pricing of stumpage values 
 Abundant supply of illegally 
logged timber 
 Under-priced forest goods and 
services 
Policy failures: 
 20-year limits the concession 
period 
 Overlarge concession areas 
 Transmigration policy 
 Releasing permits to convert 
natural forests for development of 
estate crops, plantation and 
industrial plantation forest 
 Premature implementation of the 
decentralization process under 
regional autonomy 
 Small-scale community logging 
concession 
Governance weaknesses: 
 District government capacity under 
regional autonomy 
 Weak low enforcement on forest 
and land-use planning at the 
national  and district levels, e.g. 
development priority on estate 
crops 
 Lack of good government 
Broader Socioeconomic and political 
causes: 
 Economic crisis 
 Reformation era 
 High population growth and 
density 
 Unequal distribution of economic 
and political power 
Agents: 
 Concession holders (logging and forest 
plantations) 
 Estate crop companies 
 Slash-and-burn farmers 
 Smallholders 
 Coal and mining companies 
 Central and district governments 
Causes of Deforestation in 
Indonesia 
Direct Indirect 
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 The negative impact of deforestation will lead to the expansion of critical lands, i.e. 
lands that cannot function properly in terms of chemical, biological, and economic aspects, and 
this will affect people’s lives. According to Aji (2008), the implications of critical land 
expansion are as follows: 
1. Land productivity of agriculture and estate crops declines, and this will reduce agricultural 
production. Consequently, community income will also decrease. 
2. Critical lands have lost the capacity to prevent erosion and conserve water. This will lead to 
water fluctuation, resulting in floods during the rainy season and drought during the dry 
season. 
3. Critical lands prompt scarceness in natural resources related to forests. This will trigger 
conflicts in natural resource utilization. 
4. State income decreases because of costs spent in restoring land after natural disasters, enacting 
land rehabilitation, and managing conflict in communities. 
5. Deforestation causing the forests to lose its function as a habitat for flora and fauna.  
 In restoring deforested and degraded lands, the Government of Indonesia has launched 
several programs such as reforestation, industrial tree plantations, and people’s plantations as 
described in the next sections.  
1.1.1 Reforestation 
 According to the Ministry of Forestry of the Republic of Indonesia (2008), the purpose 
of reforestation or forest rehabilitation is to restore critical lands inside forest areas or watersheds 
so that their ecological and hydrological functions can improve. In addition, Nawir et al. (2007) 
stated that the aim of reforestation is to improve forest functions through replanting. 
Reforestation comprises any efforts to rehabilitate degraded forest areas inside state forests that 
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were formerly barren lands, Imperata grasslands or shrub lands. Reforestation emphases priority 
watersheds in protection and production forests where no concession rights have been granted 
(Hutan Produksi yang tidak dibebani hak) with the objective of improving the land covers. 
Furthermore, According to Nawir et al. (2007), forest rehabilitation can be done by involving 
local communities through a participatory approach that provides benefits for the local 
communities. The main rehabilitation activity under reforestation is replanting with forest tree 
species and multi-purpose tree species that provide livelihood benefits (tanaman kehidupan). 
 Nawir et al. (2007) have evaluated forest rehabilitations in Indonesia and reported that 
rehabilitation programs have been practiced for three decades or more but the programs are still 
ineffective. This is due to the following:  
1. Local governments still prioritize forest resources as the main source of national income;  
2.  Direct and indirect causes of deforestation and degradation remain as significant problems;  
3.  Transition and implementation of policies negatively affect rehabilitation programs; and  
4.  Project-based oriented approaches have resulted in:  
a.  Inadequate maintenance of planted trees;  
b. Discontinuity of funding beyond the project period due to the absence of a reinvestment 
mechanism;  
c.  Lack of economic feasibility analysis;  
d.  Unclear integration with the market and economic incentives leading to a lack of voluntary 
community participation;  
e. Limited community participation due to unresolved tenure problems and ineffective 
community organization; 
f.  Ineffective capacity building for the community;  
g.  Inadequate considerations of socio-cultural aspects; and  
h. Unclear distribution of rights and responsibilities among the stakeholders involved particularly 
the local government, communities, and technical forestry agencies. 
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 Furthermore, Nawir et al. (2007) explained that in supporting sustainable reforestation, 
analysis of site characteristics including land covers, topography, altitude, soil types, and soil 
fertility is very important. In addition, Nawir et al. (2007) thought that analysis regarding 
species-site matching is also needed because it is advantageous to select species that are already 
part of a community’s culture and relevant to their livelihood. 
 Additionally, species used in the rehabilitation projects have mostly been selected by 
government agencies; therefore, the local communities’ opinions were rarely taken into account. 
Lamb and Tomlinson (1994) reported that the efforts of government agencies to rehabilitate 
degraded lands can often be unproductive; particularly if local communities think they do not 
directly get benefits from such rehabilitation and think they may even lose ownership of the land. 
Therefore, forest rehabilitations should be developed in discussion with local communities. 
Furthermore, according to Nawir et al. (2007), most rehabilitation programs overlook the 
economic aspects as part of the project designs and strategies. This is due to the project-based 
orientation of the programs. The most significant problems are unavailability of sustainable 
funding beyond the project period as a result of inadequate reinvestment mechanism, economic 
feasibility analysis, and well-functioning market. These problems result in unclear economic 
incentives and lack of community participation. 
1.1.2 Industrial Tree Plantations or Hutan Tanaman Industri (HTI) 
 By supplementing supplies of timber from natural forests, rehabilitating degraded lands, 
and promoting nature conservation, the Government of Indonesia has launched an ambitious 
program to establish vast areas of fast-growing timber plantations, especially in Sumatra and 
Kalimantan. To support the program, the government provides subsidies, including loans on 
generous terms from the “Reforestation Fund” collected from logging concession holders. In 
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supporting the development of plantations, the government developed a package of incentives to 
develop large-scale HTI (Nawir et al., 2007): 
1. Starting in 1980, the interest-free loans from the Reforestation Fund were made available. 
2.  HTI Patungan (Joint venture HTI) – Ministry of Forestry supported companies in borrowing 
start-up capital from banks or other financial institutions and/or underwrote joint venture 
schemes with a state forest company (i.e. Inhutani), with 40% of shared capital by the 
government, and 60 % by the its state forest company and the private company.  
3.  Low taxes for concession-lands. 
4.  The HTI permit holders have the right to clear cut and sell any remaining vegetation under the 
Timber Clearance Permit (Ijin Permanfaatan Kayu - IPK) for their concession areas. 
5.  In 1992, the Ministries of Forestry and Transmigration jointly initiated the “HTI Trans” 
scheme with the aim at accelerating the establishment of plantations while providing 
employment opportunities for the transmigrants. 
 According to Forest Watch Indonesia and Global Forest Watch (2002), 7.9 million 
hectares had been allocated for all three types of HTI concession development by the end of 
2000, but only 23.5% of that area had actually been planted. The fact that less than one quarter of 
lands allocated for HTI concessions by 2000 had actually been planted indicates several 
interrelated structural problems with the HTI program. According to the Government of 
Indonesia (2002), HTIs are to be granted only on non-productive areas of permanent forest estate 
and may not be granted in areas already under a logging concession (Hak Pengusahaan Hutan - 
HPH). In practice, however, HTI concessions have frequently been established on still-
productive forest lands. According to calculations based on plantation company feasibility 
studies, as of June 1998, 22% of the land allocated for HTIs had been productive natural forests 
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prior to plantation establishment (Kartodihardjo and Supriono, 2000). Many HTI concessions 
involve the conversion of a much higher proportion of natural forest areas, where an average of 
72% of the total HTI area was formerly natural forests.  
 Further, Forest Watch Indonesia and Global Forest Watch (2002) contended that the 
economic rationale for establishing HTIs in still-forested areas is clear. First, establishing 
plantations on truly degraded lands is more expensive because it often requires a great deal of 
investment in land preparation to rehabilitate soil fertility. Second, HTI concessions include the 
right to obtain Wood Utilization Permits (Izin Pemanfaatan Kayu - IPK), which are essentially 
licenses for the HTI concessions to clear-cut and use remaining standing timber. When HTIs are 
established in areas with considerable standing timber, the IPK provision grants companies large 
supplies of essentially free timber. These dynamics, combined with the large supply of timber 
available from illegal sources, considerably diminishes incentives for wood-processing 
companies to follow through with the planting and harvest of HTIs. 
 According to Nawir, et al. (2007), because industrial tree plantations were established 
through a top-down approach and have not taken into consideration the high numbers of forest-
dependent people, implementation on the ground has faced many problems. Kartodihardjo and 
Supriono (2000) stated that critical problems in developing plantations for the reforestation 
program have included disenchantment, resentment, and conflict with the local communities 
over forest resources. In addition, Kartodihardjo and Supriono (2000) stated that unexpected 
impacts from this HTI package of incentives have led to a need for greater rehabilitation efforts. 
In addition, many HTI areas were abandoned because most companies were more interested in 
clear-felling remaining trees in logged over areas instead of putting their efforts toward 
developing plantations. Therefore, the interest-free loans from the Reforestation Fund and the 
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IPK rights have been misused by many HTI companies. Kartodihardjo and Supriono (2000) 
further explained that by June 1998, one million hectares of natural forests had been converted; 
however, only 23% of the area had actually been planted under the HTI program. The HTI Trans 
scheme, which was a joint venture between private companies (HPH concessionaires) and the 
state companies (Inhutani I–V), resulted mostly in abandoned forest areas because the HPH 
concessionaires relied primarily on the Reforestation Fund to finance their plans. Uncertainty 
about marketing the timber was another serious issue limiting the development of the HTI Trans 
scheme. 
1.1.3 People’s Plantations or Hutan Tanaman Rakyat (HTR) 
 To address the problem of reforestation and industrial forest plantations, the 
government should give opportunities to the local communities to help them establish forest and 
land plantations in small-scale areas instead of giving opportunities to the forest companies in 
vast areas. The involvement of the local communities in forest and land plantations will enhance 
their sense of belonging and will ensure the subsequent maintenance of the plantations. This will 
help insure the success of tree plantations as a long-term investment. One tree plantation 
program involving the local communities, as explained in the Ministry of Forestry Regulation 
No. 6/2007, is the “People’s Plantations,” or Hutan Tanaman Rakyat (HTR) Program. 
 The local communities should be involved in planning and implementing tree 
plantations. Tree plantation planning in Indonesia, especially in the forest areas, currently applies 
a top-down approach. In this case, the local governments at district levels proposes tree 
plantation projects to higher-level institutions, and then the central government determines the 
species to be planted, while the local government will determine tree-planting locations. In such 
processes, the locations of the plantations and the tree species planted are determined by the 
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government. Consequently, most tree plantation projects fail because plantation locations are far 
away from the local community residences. In addition, tree species planted are not familiar to 
the local communities. Therefore, in this study, the local communities were involved in a 
participative process, especially in determining characteristic ranks and criterion weights in 
selecting sites for tree plantations. Additionally, they were also involved in selecting tree species 
for tree plantations.  
 In implementing tree plantations, the local communities should be given rights and 
responsibilities in the activities starting from seed procurement, nursery, planting, maintenance, 
harvesting, and timber selling. The government should only provide information, extension, and 
training regarding these activities. In addition, the government should give them incentives such 
as supporting administration, free fees, and safety in using forest areas for tree plantations.  
 The ideas above have been accommodated by the government through the “People’s 
Plantations” program. According to Van Noordwijk (2007), the objectives of this program are to 
increase forest development, increase economic growth, and reduce national unemployment and 
poverty (pro-growth, pro-job, and pro-poor). This program will be implemented on government 
production forest lands, particularly in logged over areas and damaged forests. About 5.4 million 
hectares of lands will be allocated by the central government to this program in consultation with 
the local government to increase the legitimacy of the government program (“clean and clear”). 
 Through this program, the government will provide the local communities extensive 
access to law, credit, and market. Each household will receive approximately 15 ha of lands to 
manage, not to own, for the maximum period of 100 years, and 8 million rupiah per ha in the 
form of a soft loan. The 15 ha per household has been calculated by the government to be 
sufficient for the local communities to make a decent living. Households should form a group in 
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order to join the program. In total, about 360,000 households will be involved, with a budget of 
43.2 trillion rupiah. The program was scheduled to start in 2007 and has a 10-year lifespan until 
the targets are achieved.  
 To support the success of tree plantations through the participative process, tree 
plantations should be viable. To make them economically viable, they should be suitable for 
specific sites and profitable for local people. According to the Center for Soil Research/Food and 
Agriculture Organization Staff (1983), if one uses lands based on their suitability for specific 
purposes, the lands will produce an optimal output. In addition, Sitorus (1985) stated that the 
value concepts applied in land evaluation or land suitability are based on financial aspects. And, 
Boddington (1978) contended that planners need interpretation of land capability classes into 
economic terms in order for benefits and losses in certain land uses to be calculated. The final 
result of land evaluation is the decision for optimum land uses for either private or public 
interests. Furthermore, Lambers et al. (1998) explained that production of forests is very 
dependent on physiographic criteria, site characteristics, and silvicultural systems. Therefore, to 
ensure the success of forest establishments, matching the site characteristics to the species 
growth requirements that will be planted is a necessity.  
 Sitorus (1985) stated that in land suitability and capability systems, socioeconomic 
criteria are also important, and in fact they are the dominant criteria in determining values and 
optimal land uses. Sitorus (1985) further explained that socioeconomic criteria may consist of 
geographic conditions that are easily quantified, such as the position in relation to resident 
locations, transportation, and other human activities. Socioeconomic criteria may also include 
unquantifiable criteria, such as the availability of skilled workers, or limiting criteria related to 
culture and religion in a certain community.  
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 Another factor that has to be taken into account in tree plantations is the familiarity of 
the local communities with the tree species. According to Warner (1994), a key aspect of tree 
management is the selection of tree species to plant or to retain by the community or individual 
households. Furthermore, Warner (1994) explained that the selection of particular tree species is   
more related to social and economic issues than to technical considerations. Some species are 
familiar to farmers because they were useful to communities and suitable for local land use 
patterns, and required a management regime that was compatible with the labor and input 
requirements of the entire production system.  
 Warner (1994) further explained that in most communities, tree planting involves a 
multifaceted array of decisions not only about which trees should be planted, but also the number 
of trees to be planted, the locations where they will be planted, who will plant the trees and 
provide care, and who will gain benefits from the trees. It is logical to expect that if the 
plantation were established on socially suitable lands, community acceptance of a plantation 
project for a community forest would be higher. This was supported by Gautam (1999) in Webb 
and Thiha (2002) stating that if a plantation is established on socially suitable lands, it is usually 
well protected by the community. Furthermore, Webb and Thiha (2002) affirmed that by using 
GIS, integration of biophysical and socioeconomic data provides two principal benefits over a 
traditional method that relies on a physical factor only. First, the integrated method provided 
more precise data of suitable sites for plantation investment. Second, integrating social 
preference into the GIS could lead to higher community acceptance of plantation projects 
because those plantations would be established on socially suitable lands. 
 To integrate the different criteria in identifying the most suitable and profitable areas for 
tree plantations in long-term investment, Geographic Information Systems (GIS) have facilities 
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to run the integration. According to Machfudh (1997), GIS today is not only used for map 
computerization, but it has also evolved into a spatial communication tool. This tool is very 
important in decision-making. In spatial decision-making, human values can be quantified and 
considered. Furthermore, according to Brail and Klosterman (2001) in Malczewski (2004), one 
of the most useful applications of GIS for planning and management is the land use suitability 
mapping and analysis. And Malczewski (1999) stated that GIS has capabilities of data 
acquisition, storage, retrieval, manipulation, and analysis. In addition, along with the 
Multicriteria Decision Making (MCDM), GIS has capabilities to aggregate the geographical data 
and the decision-maker’s preferences into one-dimensional values of alternative decisions. 
 There are two specific things that make this research different from past research in this 
field, and offers novel contributions to the discipline. The two things are tree plantation planning 
and implementation, and socioeconomic aspects. Most participatory land use planning research 
in the past involved many related stakeholders in a one or two-day workshop, which made the 
role of local communities in the planning almost negligible. In reality, in the one or two-day 
workshop, the local communities cannot participate well because they do not have enough skills, 
education, and/or experiences. But the implementers of tree plantations are the local 
communities, and therefore, they should play important roles in tree plantation planning. For this 
reason, in this study, all stakeholders were directly interviewed in groups and personal settings 
instead of conducting a one or two-day workshop to provide input for ranking the characteristics 
of criteria and weighting the criteria in the land suitability analysis for tree plantations. 
  In supporting the success of sustainable tree plantations as a long-term investment, the 
match of land unit characteristics to tree species growth requirements is not the only criteria that 
should be taken into account. Financial values of tree or crop species in each land unit should 
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also be emphasized. In addition, perceptions and preferences of the local communities on tree 
species and suitable locations for tree plantations were also studied. 
1.1.4 Previous Research 
 Application of GIS in land suitability identification has been developed in many fields, 
including forest plantations. In this case, Ekanayake and Dayawansa (2003) have used GIS 
techniques in land suitability identifications for a production forest using several criteria, 
including accessibility, soil, climate, fire hazard, slopes, and existing land uses. In their study, 
Ekanayake and Dayawansa (2003) identified suitable lands for production forests with the 
following criteria: highly accessible, high soil depth, low fire hazard, and lands of 30% to 60% 
slopes with no perennial vegetation.  
 In this study, the government has designated production forests in the Banjar district. 
Hence, this study will identify the most suitable and profitable lands for tree plantation locations 
in the production forests using a participatory approach. As a more specific objective, this study 
will search deeply into the most preferred and profitable tree species for tree plantations. The 
previous work did not involve stakeholders in determining the production forests. In addition, the 
way fire hazards around the roads treated in previous literature is still questionable. The cause is 
previous research did not consider how risk of fire may not necessarily increase with proximity 
to roads. In reality, roads can function as access routes to extinguish the fires.  
 Bojorquez-Tapia, et al. (2001) have applied a multi-criteria approach to determine a 
suitability score for each sectorial interests. In an analogous way, each grid cell in a raster GIS is 
valued according to its quality for a particular use. And each thematic layer represents an 
assessment criterion. Furthermore, a multi-objective evaluation aggregates land parcels into 
different suitability groups based upon the multi-criteria evaluation for each factor. This 
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aggregation is done by means of a multivariate numerical classification through a divisive 
polythetic partitioning method. Finally, Bojorquez-Tapia, et al. (2001) identified land uses for 
several sectors: aquaculture, agriculture and cattle ranching, fisheries, and biological 
conservation. The study collected data from involved stakeholders through a three-day 
workshop. In this research, the authors did not focus on tree plantation locations, but on a multi-
objective research. 
 Another research has also been conducted by Webb and Thiha (2002), who have 
integrated social preference in GIS-aided planning for forestry and conservation activities. In the 
research, Webb and Thiha (2002) compared biophysical criteria (traditional method) applied by 
the government and social perception and preference (integrated method) from the local 
communities. Traditional GIS method used three data: land uses (land covers), slopes, and 
transportation networks. The integrated method used land use, slope, transportation, and 
population density criteria. A soil criterion was not included in the integrated method because 
according to Webb and Thiha (2002), most subsistence farmers lack the required expertise to 
make objective assessment of chemical and physical properties for forestry (although the 
knowledge base for agriculture is substantially higher). Finally Webb and Thiha (2002) assigned 
lands for plantations, i.e. the village tracts with density population > 156/km
2
 and the distance 
from transportation system 0.5 - 1.5 km. Conservation forests that need enrichment are the 
villages that have population density < 156/km
2
, high erosion susceptibility, and are without 
forests. Conservation forests (natural) have the same criteria with the conservation forest 
(enrichment) but with extant forests. In this research Webb and Thiha (2002) have more general 
objectives, such as determining where the areas need plantations, conservation of forests with 
enrichment, and conservation of extant forests, while the present research objective is 
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determining the most suitable and profitable land units in a production forest. In addition, Webb 
and Thiha (2002) did not involve other stakeholders to capture other perspectives in their 
research. Further, Webb and Thiha (2002) did not address which tree species were preferred by 
the community or the government.  
 Keeping in mind the research discussed above, the present study needs to focus on tree 
plantations and then search deeper, not only for the most suitable lands but also for the most 
profitable lands for tree plantations. This can be achieved through physical, spatial, and 
socioeconomic analysis. By involving related stakeholders, tree plantation locations from 
different perspectives can be discovered and will be acceptable to the many parties involved. 
1.2 Objectives and Significances 
1.2.1 The objectives of this research 
1. To identify suitable tree plantation locations preferred by local communities based on village 
distributions. 
2. To identify suitable tree plantation locations and tree species preferred by local communities 
as a whole. 
3. To identify suitable tree plantation locations preferred by each non-community stakeholder 
(the government, scientists, and conservationists/non-governmental organizations). 
4. To identify suitable tree plantation locations and tree species preferred by non-community 
stakeholders as a whole. 
5. To compare the difference between the community and non-community stakeholders in 
determining suitable locations for tree plantations. 
6. To identify the most profitable agroforestry system applied by local communities. 
7. To identify the most suitable and profitable locations for tree plantations 
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1.2.2 The significances of this research 
1. To encourage the local communities to implement a “People’s Plantations” program in 
Indonesia by giving them the freedom to select locations and tree species. 
2. To provide information to the decision-makers regarding land characteristics and criteria and 
tree species preferred by either the community stakeholders or the non-community 
stakeholders for tree plantations. 
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CHAPTER II:  
RESEARCH METHODOLOGY 
2.1 Location  
 This study was conducted in the Banjar district, South Kalimantan Province, Indonesia 
as can be seen in Figure 2. 
  
 Figure 2. Research Location. 
 Specifically, this research is done in the production forest areas. The areas outside the 
production forests, or the areas owned by local communities, are excluded because it is assumed 
that there are no problems regarding tree species selection and tree plantation locations. In 
contrast, at the production forest areas, tree species selection and tree plantation locations are 
dictated by the government. Consequently, most forest plantation projects in the past have failed 
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because tree species planted were not preferred by local communities, and the locations of the 
plantations are far away from residences. As a result, maintenance of the planted trees is costly 
and difficult and this situation has resulted in the failure of tree plantations (Nawir et al., 2007). 
Fortunately, the government has expressed willingness to accommodate the preferences of local 
communities regarding tree plantations in forest production areas, as stated in the Decree of 
Ministry of Forestry of Indonesia, No.21/Kpts-II/2001 (Ministry of Forestry, 2001a) and the 
Government Regulation No. 6, 2007 (Government of Indonesia, 2007). 
 The Banjar district is located between 2
o49`55”- 3o43`38” SL and 114o30`20” - 
115
o35`37” EL. The altitude of this district is about 0 - 1.88 m above sea level. The low-position 
of the Banjar district has caused lack of water flow on the ground. Consequently, much of the 
region is swamped (29.93 %), and another section (0.58%) is inundated periodically. 
 Furthermore, the Banjar district is divided into 17 sub-districts with 288 villages, as 
presented in Table 1.  
Table 1. Total Area and Number of Villages in Banjar district 
No. Sub-district Area (ha) Number of Village Percentage to total area (%) 
01 Aluh-Aluh 11,089.750 19 2.38 
02 Aranio 100,742.539 12 21.59 
03 Astambul 14,650.351 22 3.14 
04 Beruntung Baru 7,485.533 12 1.60 
05 Gambut 11,731.060 13 2.51 
06 Karang Intan 31,552.545 26 6.76 
07 Kertak Hanyar 7,465.532 26 1.60 
08 Martapura 5,337.185 25 1.14 
09 Martapura Barat 14,828.127 13 3.18 
10 Martapura Timur 2,252.935 20 0.48 
11 Matraman 23,468.526 15 5.03 
12 Pengaron 26,068.781 12 5.59 
13 Peramasan 50,618.382 4 10.85 
14 Sambung Makmur 8,215.224 7 1.76 
15 Simpang Empat 71,244.460 30 15.27 
16 Sungai Pinang 65,053.620 11 13.94 
17 Sungai Tabuk 14,899.379 21 3.19 
TOTAL 466,703.929 288 100.00 
Source: Map analysis & Central Bureau of Statistics of Banjar district, 2010. 
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 The 17 sub-districts can also be seen in Figure 3. Based on Table 1 and Figure 3, the sub-
districts that have the biggest area are Aranio (21.59%), Simpang Empat (15.27%), Sungai 
Pinang (13.94%), and Peramasan (10.85%).  
  
  
  
 Figure 3. Sub-districts in Banjar district. 
 According to the Central Bureau of Statistics of Banjar district (2010), soil texture in 
this region is generally soft (77.62%) consisting of clay, clayish, sandy, and dusty texture. 
Meanwhile, 14.93% has medium texture, which has varieties of clay, dusty, sandy clay texture, 
and other areas (5.93%) have a rough texture: clayey sand and dusty sand. The effectiveness of 
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soil depth for roots to take water in most areas (66.45%), happens at more than 90 cm deep, in 
some (18.72%) at 60 - 90 cm, and in others (14.8%) at 30 - 60 cm deep. Based on a land 
exploration map on the scale of 1 : 1,000,000 from Bogor Research Institute (1981), this region 
has a variety of soil, i.e. organosol soil and clay humus with the main material of alluvial and 
physiographic that is relatively high (around 56.0% to 98.5%). This region has maximum 
humidity in January and minimum humidity in September.  
 Furthermore, rainfall in this region is determined by climate, topography, and air 
circulation. The detailed rainfall is presented in Table 2 showing that average rainfall in 2009 is 
181 mm/month, with the lowest rainfall occurred in September (21 mm) and the highest in 
January (384 mm). The average amount of rainy days was 16 days. The highest rainy days 
occurred in January (30 days), while the lowest one happened in August (2 days). 
Table 2. Rainfall in Banjar district in 2009 
Month Rainfall (mm) Rain day (day) 
January 384 30 
February 148 21 
March 212 21 
April 279 21 
May 237 22 
June 22 9 
July 73 8 
August 25 2 
September 21 4 
October 189 12 
November 292 19 
December 287 24 
Total 2,169 193 
Average 181 16 
Source: Central Bureau of Statistics of Banjar district, 2010. 
 In terms of land cover, the Banjar district has forest areas amounting to 250,207.31 ha, 
including production forests 97,726.33 ha (39.06%), limited production forests 17,698.59 ha 
(7.07%), convertible forests 4,267.00 ha (1.71%), protection forests 41,336.57 ha (16.52%), and 
grand park forests 89,178.82 ha (35.64%) as presented in Figure 4.  
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 Figure 4. Forest Areas in Banjar district. 
 Unfortunately, the condition of the forests has been degraded because of legal and 
illegal logging, conversion of forest areas to agricultural and estate crop lands, and forest fires. 
This can be seen from the condition of land covers of forest areas in the Banjar district, which 
are presented in Figure 5. Based on land cover map analysis, the forest areas of the Banjar district 
are covered with secondary forests 97,851.01 ha (39.11%), scrubs 95,556.76 ha (38.19%), forest 
plantation areas 20,851.13 ha (8.33%), and land agriculture with bushes 17,037.23 ha (6.81%). 
In detail, land covers of forest areas in the Banjar district are presented in Table 3. 
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 Figure 5. Land Covers in the Forest Area in Banjar district. 
 
Table 3. Land Cover Types on Forest Areas in Banjar district 
No. Land cover Area (ha) Percentage (%) 
01 Secondary forest land 97,851.01 39.11 
02 Scrub 95,556.76 38.19 
03 Tree plantation (Forest company) 20,851.13 8.33 
04 Dry land agriculture with bush 17,037.23 6.81 
05 Barren land 5,816.55 2.32 
06 Water body 6,301.21 2.52 
07 Dry agricultural land 2,159.78 0.86 
08 Coal mining 1,956.35 0.78 
09 Primary forest land 1,410.69 0.56 
10 Residence 875.02 0.35 
11 Swampy scrub 203.58 0.08 
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Table 3. (cont.) 
No. Land cover Area (ha) Percentage (%) 
12 Rice field  108.88 0.04 
13 Estate crop 79.12 0.03 
TOTAL 250,207.31 100.00 
Source: Land Cover Map Analysis, 2010. 
 After overlaying land cover and forest function maps, the land covers are distributed 
based on forest functions as presented in Table 4 which shows that most unproductive lands are 
located in production forest areas. Therefore, it is realistic if tree plantations are established in 
the production forest areas. 
Table 4. Land Cover Types  based on Forest Area Functions in Banjar district 
LAND  
LAND FUNCTION 
TOTAL 
Production 
Forest/PF  
(ha) 
Limited 
Production 
Forest/LPF 
(ha) 
Convertible 
Forest/CF  
(ha) 
Protection 
Forest/PF  
(ha) 
Grand Park 
Forest/GPF 
(ha) 
Secondary forest (SF) 29,942.50 12,559.15 0.00 25,330.56 30,018.80 97,851.01 
Scrubs (SC) 43,689.12 4,359.05 1,177.48 8,545.02 37,786.09 95,556.76 
Tree plantation (TP) 9,363.72 0.00 1,833.83 0.00 9,653.58 20,851.13 
Dry land agriculture 
with bush (DLAB) 
11,319.29 770.91 293.45 4,295.21 358.37 17,037.23 
Barren land (BL) 1,432.68 0.00 0.00 0.00 4383.87 5,816.55 
Water body (WB) 0.00 0.00 0.00 0.00 6,301.21 6,301.21 
Dry land agriculture 
(DLA) 
884.64 0.00 808.44 444.67 22.03 2,159.78 
Coal mining (CM) 892.45 0.00 0.00 974.47 89.43 1,956.35 
Primary forest (PMF) 0.00 0.00 0,00 1,410.69 0.00 1,410.69 
Residence (RD) 201.93 9.48 74.68 23.49 565.44 875.02 
Swampy scrub (SSC) 0.00 0.00 0.00 203.58 0.00 203.58 
Rice field (RF) 0.00 0.00 0.00 108.88 0.00 108.88 
Estate crop (EC) 0.00 0.00 79.12 0.00 0.00 79.12 
TOTAL 97,726.33 17,698.59 4,267.00 41,336.57 89,178.82 250,207.31 
Source: Land Cover Map Analysis, 2010. 
 To address the forest degradation problem, the Government of Indonesia has launched a 
program called “People’s Plantations” or “Hutan Tanaman Rakyat.” People’s Plantations are 
forest plantation programs in production forests established by the community in order to 
increase the potential and quality of production forests by applying silvicultural practices and 
securing sustainability of forest resources (Ministry of Forestry of Republic of Indonesia. 2007a). 
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Based on the Ministry of Forestry Regulation No. P.23/Menhut-II/2007, forest areas that will be 
addressed in this study are the production forest areas.  
2.2 Materials 
2.2.1 Physical components  
1. Banjar district and sub-district maps. These maps showed the locations of production forest 
areas and the distribution of village samples administratively. 
2. Soil maps (scale 1: 200,000). This was used to identify the soil types and their properties. This 
map was one layer/criterion in the integration of maps for selecting tree plantation locations. 
3. Slope maps (scale 1: 50,000). This was used to analyze the slope levels in the research 
location, and this was one layer/criterion used in the land suitability analysis for selecting tree 
plantation locations. 
4. Rain fall maps (scale 1: 400,000). This was used to analyze the rainfall intensity in the 
research location, and this was one layer/criterion in determining land suitability analysis for 
selecting tree plantation locations. 
5. Land cover maps (scale 1: 50,000).  This was used to analyze the land cover types that exist in 
the research location, and it is also a layer/criterion used in the land suitability analysis for 
selecting tree plantation locations in the production forest areas. 
6. Land system maps (scale 1: 200,000). This map was employed to identify the land system 
groups exist in the production forest areas. It was used to identify land characteristics of the 
land systems and how they related to the tree species requirements.  
7. Forest area maps (scale 1: 200,000). This is the map from which the production forest map 
was extracted. 
2.2.2 Spatial components 
1. Road maps (scale 1 : 50,000). This map showed the road networks in the research location. In 
terms of proximity to roads, this map was used in the Euclidean distance analysis for 
determining priorities of land units for tree plantation locations. 
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2. Village maps (scale 1 : 50,000). This was also used in the Euclidean distance analysis for 
determining proximity of land units to villages.  
3. Industry maps. This map was employed in the Euclidean distance analysis for determining the 
proximity of land units to industries in and around the Production Forest areas. 
2.2.3 Socioeconomic component.  
  This component includes questionnaires for gathering information from respondents 
through interviews. 
2.3 Data Gathering and Analysis 
 Data used in this study include both primary and secondary data. Primary data 
encompasses physical, spatial, and socio-economic data. Physical data consist of land covers, 
slopes, rainfall, and soil types. Spatial data comprise the proximity of land units to villages, 
roads, and industries. The physical data and spatial data were obtained through map analysis 
using GIS software. The socio-economic data include preferences of stakeholders in selecting 
locations for tree plantations. These data were collected through surveys of either community 
stakeholders or non-community stakeholders from April 2011 to August 2011.  
 Secondary data include physical data such as rainfall, slopes, and soil types representing 
general Banjar district conditions. These data were issued by the Central Bureau of Statistics of 
Banjar district. In addition, land systems are secondary data of physical components issued by 
the Forestry Institution of the Banjar district. Furthermore, secondary data about socio-economic 
components including demography and education in local communities were also gathered from 
the Central Bureau of Statistics of Banjar district (2010). Procedures for gathering and analyzing 
data are described below:  
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2.4 Procedure 
2.4.1 Physical and Spatial Analyses 
 Searching for the most suitable lands for tree plantations through physical and spatial 
analyses can be done using a Suitability Map Model. Furthermore, creating a suitability map 
model can be helped using a conceptual model. ESRI (2013) explained that in using the 
conceptual model to create a suitability map, there are several steps: (1) state the problem, (2) 
break down the problem, (3) explore input datasets, (4) perform analysis, (5) verify the model 
result, and (6) implement the result as presented in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Flowchart of Spatial Analysis (ESRI, 2013). 
  
Step 2: Break the problem down: 
- What are the objectives to reach 
the goal? 
- What are the phenomena & 
interactions (process models) 
necessary to model? 
- What datasets will be needed? 
 
Step 1: State the  
             problem: 
What is the goal? 
 
Step 4: Perform analysis: 
Which GIS tools will be used to run 
the individual process models & build 
the overall model? 
Step 5: Verify the model result: 
Do certain criteria in the overall model need 
changing? 
If yes, go back to step 4. 
Step 6: Implement  
            the result 
Step 3: Explore input datasets: 
- What is contained within the datasets? 
- What relationship can be identified? 
 28 
 
Step 1: Stating the problem 
 In this study, the problem is to find out the most suitable locations for tree plantations. 
The result sought is a map showing potential sites (ranked best to worst) that could be suitable 
for establishing tree plantations. This is called a “ranked suitability map” because it shows a 
relative range of values indicating how suitable each location is on the map based on the criteria 
put forth by the model. 
Step 2: Breaking the problem down 
 In this step, the problem was broken down into smaller pieces until it is clear what 
steps are required to solve it. These steps are objectives that were solved by measuring the best 
sites for tree plantations. In this case, according to Evans and Turnbull (2004), land suitability is 
primarily linked to the potential biological productivity of lands, and this is influenced by four 
main components of the environment, indicated in descending order of importance:  climate, 
local topography, soil, and existing vegetation. Breinen and Zuidema (2005) reported his 
research regarding climate-growth analysis that shows a positive relationship between tree 
growth and rainfall, which suggests that rainfall plays an important role in tree growth. Further, 
local topography includes ruggedness, steepness, and exposure, which cause local variations in 
climate and disposition of soil types. Furthermore, considering existing vegetation involves 
considering the effects of destroying and replacing it with another crop.  
 Besides protecting the soil from erosion, vegetation can indicate climate conditions and 
site productivity. Evans and Turnbull (2004) contended that vegetation may provide a useful 
indicator of climate condition where meteorological stations are sparse. In addition, the presence 
of vegetation can be a constraint on land capability while both the growth and the richness of 
plant species may help to indicate potential site productivity. 
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 In this study, all stakeholders involved determined the best sites for tree plantations 
based on several criteria, including: slopes, rainfall, soil types, land covers, and proximity to 
villages or residences, roads, and industries or product markets. To find out the best locations for 
tree plantations, it is necessary to know the following: 
a. Where are the locations with good slopes? 
b. Are the land covers in these locations suitable for tree plantations? 
c. Do the locations have enough rainfall for planting trees? 
d. Do the locations have good soil types? 
e. Are these locations close enough to roads, residences, and industries or product markets? 
 Before answering the questions above, there were two things to do: determine the areas 
where the analysis would be done (focus areas) and explore existing data regarding the 
questions.  
1. Focus areas 
 Because this study would support the People’s Plantations program that is 
recommended to be implemented in the Production Forest areas based on the Decree of Ministry 
of Forestry of Indonesia, No.21/Kpts-II/2001 (Ministry of Forestry, 2001a) and the Government 
Regulation No. 6, 2007 (Government of Indonesia, 2007), the production forest areas are the 
focus areas of this research.  
 In acquiring the forest production areas, the Forestry Institution of Banjar district, 
South Kalimantan province has created a map of “Forest Area Functions” of the Banjar district 
(2007). From the map, using GIS, production forest areas are extracted by selecting for specific 
features. In this case, selection by production forest was used. The result of the process is 
presented in Figure 7. In addition, the Forestry Institution of Banjar district has created maps 
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regarding criteria influencing the establishment of tree plantations, i.e. soil type, rainfall, land 
cover, slope, road, and village maps. Further analysis for the land suitability was conducted 
using these maps. 
 
Figure 7. Exporting the Production Forests from the Forest Areas in Banjar district. 
 After extracting the production forest from the forest areas of Banjar district, the next 
step was to extract the input features (soil types, slopes, rainfall, and land cover types) based on 
the production forest areas. This process is aimed at limiting analysis on the production forest 
only. Road, village, and wood industry maps were edited in such a size so that they are wider 
than the production forest areas. This was done in order to cover all land units in the production 
forest areas when calculating “Euclidean distance” on the entire spatial layer. The result of these 
processes can be seen in the slope map (Figure 8), land cover map (Figure 9) rainfall map (Figure 
10), soil type map (Figure 11), map of roads in and around Production Forests (Figure 12), map 
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of Euclidean distance to roads (Figure 13), and the map of villages in and around Production 
Forests (Figure 14). 
2. Existing data 
a. Where the locations with good slopes? 
 According to Herrera (2003), slope is the gradient from a horizontal plane. Tree 
plantations should be on flat or nearly level lands to lighten cultural and harvesting operations. 
Such activities become increasingly tough as slopes rise, and lands with slopes greater than 30% 
should be excluded from tree plantation areas. Furthermore, according to the Ministry of 
Forestry of Indonesia (2001b) through the Decree of Ministry of Forestry of Indonesia, 
No.10.1/Kpts-II/2000 (article 3, clause 3) and the Ministry of Forestry of Indonesia (2001b) 
through the Decree of Ministry of Forestry No.21/Kpts-II/2001, industrial tree plantations should 
be established in the lands with slope ≤ 25%. Based on the slope map analysis, slopes in the 
production forest areas can be classified into six categories, which are presented in Figure 8.  
 Furthermore, slopes in the production forest areas are classified based on the slope 
classification standard from the Government of Indonesia, particularly related to decisions for 
determining forest areas. This classification is stated in the decree of the Ministry of Agriculture 
No.837/Kpts/Um/11/1980 (Ministry of Agriculture of Indonesia, 1980) and the decree of 
President No.32/1990 (President of Republic of Indonesia, 1990). The classification is described 
in Table 5. From the table, lands having slopes (8 - 15%) occupy 59,714.68 ha (61.15%) 
followed by slopes (2 - 8%) 11,846.92 ha (12.13%) and slopes (15 - 25%) 10,859.59 ha 
(11.12%). These locations are considered suitable for tree plantations. 
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 Figure 8. Slopes in Production Forest. 
Table 5. Slopes in Production Forests 
No. Slope (%) Area (ha) Percentage (%) 
1 0 – 02 39.86 0.04 
2 02 – 08 11,856.29 12.13 
3 08 – 15 59,761.91 61.15 
4 15 – 25 10,868.18 11.12 
5 25 – 40 8,351.31 8.55 
6 > 40 6,848.78 7.01 
TOTAL 97,726.33 100.00 
Source: Slope Map Analysis, 2010. 
 To find out the areas with proper slopes for tree plantations, a map displaying the 
slopes of lands was created. In this case, the slope map was extracted from the South Kalimantan 
Province map and applied to the map of the production forest areas. The slope map has several 
levels: 0 - 2%, 2 - 8%, 8 - 15%, 15 - 25%, 25 - 40%, and > 40%. This is the input of the dataset 
for the slopes used in the next analysis. Evans and Turnbull (2004) stated that the influence of 
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topography on land suitability can be seen in the increasing restrictions of possible alternative 
uses, particularly when terrain becomes uneven. Furthermore, according to McKinley (1997), the 
prevailing slopes may be severe enough to negatively impact cultural management. On gentler 
slopes, management costs are less than on steeper slopes. In addition, slopes may restrict the use 
of mechanization. 
 Slopes are considered to be an important factor in selecting tree plantation locations 
because they affect several aspects, including the availability of water and nutrients and the 
difficulty in cultivating an area of land. According to Koulouri and Giourga (2006), abandoning 
traditional cultivation in the Mediterranean basin has had different impacts on soil sediment 
losses according to slope gradient. Slope gradient is the foremost factor controlling soil erosion, 
although soil and vegetation conditions are changing.  
 In addition, Andraski and Lowery (1992) reported that as plant-extractable water 
decreased, vegetative growth rates declined as erosion level increased. Additionally, according to 
Arriaga and Lowery (2003), erosion can cause reduction in aggregate solidity, and this may 
result in reduced water infiltration rates and diminished water recharge of the soil profile for 
plant use and groundwater recharge. Furthermore, a reduction in aggregation can inhibit crop-
seedling emergence, root growth and development, and tillage operations through the formation 
of soil surface layers and rises in soil bulk density. Therefore, slopes are perceived to be a 
negative factor in land suitability analysis for tree plantations. 
b. Are the land covers or land uses in these locations suitable for tree plantations? 
 Land cover types have important roles in determining tree plantation locations. This 
relates to easiness or difficulty of the land to be cultivated. This also relates to the condition of 
the soil surface based on erosion or leaching levels. In this case, secondary forest areas were 
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thought to be good areas for planting trees because these areas do not encounter much erosion or 
leaching. Regarding the difficulty in clearing the land, local communities generally do not 
encounter serious problems because they can use fire for land clearing. Furthermore, the result of 
material burning can be directly absorbed by plants as needed nutrients. According to Ketterings 
et al. (1999), reasons why fire is being used as a land clearing method by Sepunggur farmers in 
Sumatra, Indonesia are that fire increases accessibility (51%), provides a layer of ash/fertilizer 
(23%), improves soil structure (15%), reduces weed and tree competition (5%), and reduces 
problems with pests and diseases (3%). Nevertheless, according to Ehrenberg (1922) in Lutz and 
Chandler (1946), fires can expedite the availability of nutrients from organic materials, but they 
result in a release of elements contained in the soil minerals. The process is that the non-volatile 
elements persist on the mineral soil surface in the form of ash. In this case, the direct effect is to 
change the reaction of the soil in the direction of alkalinity and to render mobile substantial 
amounts of calcium, magnesium, potash, and phosphorus. The problem is that when it is raining, 
some of the soluble material is held by colloidal complex in the upper horizons, some moves so 
deeply that cannot be reached by plant roots, and some moves into the drainage water and is 
totally lost. If the soil has a relatively high cation-exchange capacity and if a cover of vegetation 
grows rapidly, losses by leaching possibly small; otherwise, they are large. 
 Industrial tree plantation areas, industrial tree plantations that  have been abandoned by 
forest companies in the production forest areas, are judged to be good locations for tree 
plantation for local communities because they match with land utilization issued by the 
government. Likewise, agricultural lands are also considered to be good for tree plantation 
locations because these lands are ready to be planted, so that local people do not have to do much 
land work before planting trees. On the other hand, agricultural lands with bushes are considered 
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to have a low value for tree plantations since farmers have abandoned the lands due to lack of 
fertility. Likewise, scrubs/shrubs have the same problem with agricultural lands with bushes, but 
land preparation is more costly. Further, barren lands are thought to have the lowest value 
because the condition of these lands is very poor. Barren lands indicate that most wild vegetation 
cannot grow well on the lands, including tree species to be planted in the tree plantations. This is 
because barren lands do not have adequate nutrients needed by vegetation having lost much top 
soil because of erosion. Erosion occurs because there is no enough vegetation to protect the lands 
from heavy rain.  
 According to Nagel in Coblentz (2008), erosion can be prevented by not letting 
raindrops strike bare ground. Vegetation and other ground covers can break energy of rain. In 
addition, Coppin and Richards (1990) stated that the fibrous roots of vegetation can strengthen 
and stabilize the soil from erosion. In particular, Coppin and Richards (1990) declared that 
vegetation overtakes rain, weakens its energy and protects against splash erosion. It also retards 
runoff, decreases sheet erosion, and holds and strengthens the soil with its root system. 
 In addition to protecting soil from erosion, vegetation can indicate climate and site 
productivity. Evans and Turnbull (2004) contended that vegetation can be an indicator of climate 
conditions where meteorological stations are not available. In addition, the presence of 
vegetation can indicate potential site productivity through both growth and richness of species. 
Yet, vegetation may be a restraint because the growers need to clear vegetation before cultivating 
a land. Although in theory, clearance is always possible, it may not be practical for the following 
reasons: (1) the risk of physical damage to the soil and erosion, (2) it may be very expensive, and 
(3) the need for wildlife conservation. 
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 Based on data from Satellite Image from the Forestry Institution of Banjar district 
(2007), land cover types or land uses of the Banjar district consist of secondary forest lands, 
industrial tree plantation areas, agricultural lands, agricultural lands plus bushes, scrubs/shrubs, 
barren lands, residences, and coal mining lands as presented in Table 6.  
Table 6. Land Cover Types in Banjar district 
No. Land cover/land usage Area (ha) Percentage (%) 
01 Secondary dry land forest 99,329.67 21.45 
02 Primary dry land forest 1,284.71 0.28 
03 Secondary swamp forest 521.44 0.11 
04 Tree plantation 31,408.85 6.78 
05 Open area/barren land 8,240.31 1.78 
06 Residence/settlement 12,023.81 2.60 
07 Estate plantation 9,579.19 2.07 
08 Mining 4,977.27 1.07 
09 Agricultural dry land and bush 19,779.75 4.27 
10 Agricultural dry land 15,065.08 3.25 
11 Swamp 0.06 0.00 
12 Field rice 69,115.24 14.93 
13 Swamp scrub 44,051.30 9.51 
14 Scrub 137,080.20 29.60 
15 Water body 8,424.43 1.82 
16 Others 2,193.82 0.47 
TOTAL 463,075.13 100.00 
Source: Land Cover Map Analysis of Banjar district, 2010. 
Based on the land cover map analysis, the Banjar district is dominated by scrubs (29.60%) and 
secondary dry land forests (21.45%). This means that the Banjar district has high potential for 
tree plantations (51.05%).   
 After extracting the forest areas from the Banjar district map, the land covers were 
extracted to the production forests only because this is where plantation areas can be established. 
Based on land cover map analysis, land covers within the forest areas are presented in Figure 9.  
In detail, land cover types within the production forests are presented in Table 7.  
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Table 7. Land Cover Types within Production Forest Areas 
No. Land cover/land use Area (ha) Percentage (%) 
1 Secondary forest 29,942.50 30.64 
2 Tree plantation 9,363.72 9.58 
3 Barren land 1,432.68 1.47 
4 Coal mining 892.45 0.91 
5 Dry land agriculture 884.64 0.91 
6 Dry land agriculture & bush 11,319.29 11.58 
7 Scrub 43,689.12 44.71 
8 Village/residence 201.93 0.21 
TOTAL 97,726.33 100.00 
Source: Land Map Analysis, 2010. 
 
  
 Figure 9. Land Covers in Production Forest Areas. 
Based on Table 7, land covers are dominated by scrubs (44.81%), secondary forests (30.64%), 
dry land agriculture and bushes (11.58%). These three land cover types are suitable for tree 
plantations. 
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c. Do the locations have enough rainfall for planting trees? 
 Besides slopes and land cover types, rainfall is also an important factor in determining 
land suitability for tree plantations. In this case, rainfall affects the condition of water for plants 
and soil. According to Longstroth (1997), water is the most limiting factor in plant growth. 
Without sufficient water, plants cannot grow well. When the plants have enough water, stomates 
are open to let air in, but they also lose water through evaporation. During drought, stomates 
close to limit water loss. As a result, photosynthesis and sugar production stop. Furthermore, 
Longstroth (1997) wrote that water is necessary for growth. If water is reduced during growth, 
the final cell size is reduced. This means fewer, smaller leaves, smaller fruit, shorter, thinner 
stems, and fewer roots. In short, drought stress results in smaller and weaker plants.  
 Based on data from the Forestry Institution of Banjar district (2007) and rainfall map 
analysis, rainfall in production forest areas consists of two classes, which are presented in Figure 
10. In detail, rainfall in production forest areas in relation to the areas and percentage is shown in 
Table 8. 
Table 8. Rainfall in Production Forest Areas 
No. Rainfall (mm/year) Area (ha) Percentage (%) 
1 2,000 – 2,500 20,367.66 20.84 
2 2,500 – 3,000 77,358.67 79.16 
TOTAL 97,726.33 100.00 
Source: Rainfall Map Analysis, 2010. 
Based on rainfall distribution in the production forests, most tree species, especially those 
preferred by local communities (rubber, teak, and candlenut trees) are suitable for being planted 
in these rainfall conditions.  
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 Figure 10. Rainfall in Production Forest Areas. 
d. Do the locations have good soil types? 
 Determining sites suitable for selected species is one of the most significant decisions. 
According to McKinley (1997), a potential Christmas tree producer, for example, should 
emphasize the selection of a site with the best characteristics. A landowner cannot simply select 
a species on the basis of the local market price of the crop. It could be better to succeed in a less 
profitable enterprise than to fail at Christmas tree production because the site was inappropriate. 
Because site suitability is determined mostly by soil characteristics, a grower should examine the 
soil condition on potential sites. 
 Further, Sarief (1986) declared that soil structure plays an important role in plant 
growth.  Soil structure affects water and air in the soil, which in turn affect soil permeability and 
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the capability for flow water and air in the ground. Furthermore, according to Kramer and 
Kozlowski (1960), in inundated soil, excess gravitation water will replace the air in the soil 
pores, and this lead to bad aeration. Further, bad aeration will limit plant roots from absorbing 
water, resulting in leaves turning dry and photosynthesis decreasing, and finally leading to plant 
death. Furthermore, Malczewski (1999) stated that the most important criteria affecting the 
water-holding capacity of soil are soil types and parent material (geology). 
 Based on soil map analysis, soil in the production forests consists of four types, which 
are latosol, complex red yellow podzolic (latosol), red yellow podzolic, and complex red yellow 
podzolic (lateritic). Distribution of the soil in the production forests can be seen in Figure 11. 
  
 Figure 11. Soil Types in Production Forest Areas. 
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 Figure 11 shows that the production forest areas are dominated by complex red yellow 
podzolic (latosol), followed by latosol and yellow red podzolic. In detail, soil types on the basis 
of the areas and percentage are presented in Table 9. 
Table 9. Soil Types in Production Forest Areas 
No. Soil type Area (ha) Percentage (%) 
1 Latosol 13,109.28 13.41 
2 Complex red-yellow podzolic (latosol) 72,178.92 73.86 
3 Red-yellow podzolic 9,778.44 10.01 
4 Complex red-yellow podzolic (lateritic) 2,069.36 2.12 
5 Other (water body) 590.33 0.60 
TOTAL 97,726.33 100.00 
Source: Soil Map Analysis, 2010. 
 According to Soepraptohardjo and Ismangun (1980) in Siradz (2007), the properties of 
latosol, red-yellow podzolic, and lateritic soils are described as: 
Latosol:  
a. Color: yellowish to brownish red shown by whole solum.  
b. Depth of solum: moderate to deep (1.5 - 10 m).  
c. Diagnostic horizon: sesquioxide.  
d. Texture: clay constant through the solum.  
e. Structure: crumb to weak blocky.  
f. Consistency: friable to slightly firm.  
g. Other features: plinthite, some with weak clay coating.  
h. Base saturation: 20 - 90 %.  
i. pH (H
2
O): 4.5 - 6.5.  
j. Cation Exchange Capacity (CEC), cmol(+)/kg: 15 - 25.  
Red-yellow podzolic:  
a. Color: yellowish to brownish red, maximum in B horizon.  
b. Depth of solum: moderate (< 1.5 m).  
c. Diagnostic horizon: textural-B and /or color B; A2 horizon.  
d. Texture: variable (clay maximum or increasing).  
e. Structure: blocky in B horizon.  
f. Consistency: friable to firm.  
 42 
 
g. Other features: plinthite in B, C horizon, clay coating in B.  
h. Base saturation: < 20%.  
i. pH (H
2
O): 3.5 - 5.0.  
j. CEC, cmol(+)/kg: < 35.  
Lateritic:  
a. Color: yellowish to brownish red shown by whole solum.  
b. Depth of solum: moderate (<1.5 m).  
c. Diagnostic horizon: color B, Fe/Mn, concretions in whole profile.  
d. Texture: variable (clay increasing with depth).  
e. Structure: single grain to massive.  
f. Consistency: firm.  
g. Other features: plinthite.  
h. Base saturation: < 20%.  
i. pH (H
2
O): 4.0 - 5.0.  
j. CEC, cmol(+)/kg: < 10. 
e. Are these locations close enough to roads, residences, and industries? 
1). Proximity to Roads in and around the Production Forest areas 
 The distance of land units to roads, residences or villages, and product markets or 
industries were measured through spatial analysis, and datasets from those analyses were 
determined using spatial analysis. On this issue, McKinley (1997) declared that site accessibility 
should be concerned in the selection process. Harvesting should be scheduled according to 
weather conditions. Good access becomes significant, both to the site on state-maintained roads 
and on the site with well-planned farm roads. During short market distribution periods, trees will 
be transported on schedule. However, good access can also attract theft. Plantations along public 
roads and those with multiple access points create this problem. For security, the best location is 
at the end of a dead-end road with no other access. Occupied dwellings with a good view of the 
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plantation can decrease the potential for theft. However, security can be enhanced at easy-access 
sites and generally should not be a principal factor in refusing a site. In addition, according to 
Webb and Thiha (2002), if the areas are easily accessed, this would diminish costs and facilitate 
management, maintenance, supervision, and inspection of plantations. The roads in and around 
production forest areas in the Banjar district are shown in Figure 12. 
  
  Figure 12. Roads in and around Production Forest Areas. 
 Proximity of land units to the roads was calculated through a “Euclidean distance” 
analysis. ESRI (2012a) explained that in the Euclidean distance analysis, each grid cell in a raster 
GIS has a value according its straight line distance to a source. One can determine how far each 
cell is from the nearest source by calculating the straight line (Euclidean) distance. In creating 
the Euclidean distance of roads, the road map was edited in such a size so that the road buffers 
only covered the entire production forest areas, which influenced all land units in the production 
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forests. If the buffers of roads covered more than the entire area of the production forests, this 
would make the width of each segment of buffers wider, which would decrease the effect of the 
Euclidean distance of roads on the values of land units.  
 Further, in the Euclidean distance analysis, the number of classes used in the 
classification of values in the layer properties of proximity roads is 30 classes at an equal 
interval. This means that the classes started from 1 to 30 classes. The reason for applying the 30 
classes is that by using “reverse new values” for new values in the reclassification of values, the 
new values also started from 1 to 30 values. And this provided two advantages: (1) in relation to 
the values of physical characteristics of criteria, i.e. slopes, land covers, rainfall, and soils, the 
classes were easy to reclassify into a grouped range or level where each level differed 5 scores 
among the range levels (i.e. 30, 25, 20, 15, 10, 5) depending on the number of characteristics or 
attributes in each criterion, and (2) the influence of Euclidean distance of roads to the land units 
is more sensitive. This means that after integrating the Euclidean distance and the production 
forest area layers, each land unit in the production forest areas would occupy more buffer 
segments than if the classes of values only consist of a smaller number of classes. If the latter is 
applied, it is possible that more than one land unit can occupy only one segment of buffers. And 
this means that the Euclidean distance has the same effect on the land unit values. In other 
words, the Euclidean distance of roads would not influence the land unit values.  
 After determining the value classes of the Euclidean distance of roads, the value classes 
were reclassified or re-valued according to the objective of this research, i.e. assigning higher 
values to the segments of buffers close to the roads. This follows a principle in the tree 
plantations, which is that the closer a location is to a road, the better for a tree plantation. In 
addition, the reclassification process used a reclassification tool in the Spatial Analyst Tools with 
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a reverse new values system, i.e. class 1 (the closest to the road) was valued 30 scores, class 2 
(29 scores), class 3 (28 scores), and class 30 (the farthest from the road) was valued 1 score. 
Each class is one segment in the buffers of the Euclidean distance of roads. 
 The reclassification can also be done in the “Weighted Overlay Table.” The classes of 
values of Euclidean distance of roads together with other criteria were reclassified or re-valued 
according to the objectives of this research. In this case, before reclassifying the values, an 
evaluation scale was set up, i.e. from 1 to 30 by 1. This set-up was based on the classification of 
values of proximity to road layer (30 classes). As a result, the classes of values of the Euclidean 
distance layer ranged from 1 to 30 classes; each class is one segment of buffers. And in the 
reclassification of values, the first segment (the closest segment) to the road was given a value of 
30, the second segment was given a value of 29 and so forth. Each was given reverse values. 
Again, this system follows the assumption is that the closer the locations are to roads, the better 
for tree plantations. According to Malczewski (1999), in measuring a criterion based on scales or 
values used, multi-criteria decision analysis requires that the values contained in the different 
criterion map layers be transferable to comparable units. Malczewski (1999) also explained that 
by increasing or decreasing the range, a criterion weight can be made large or small randomly. 
The general rule is that one should consider the benefit of changing from the maximum level to 
the minimum level or from the worst to the best level for other criteria.  
 The result of the Euclidean distance analysis of roads that was integrated with the 
production forest areas is shown in Figure 13, but this integration only shows how the distance 
from the roads would influence the values of the land units in the production forest areas. The 
real calculation was conducted in Chapter IV (Results and Discussion).  
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 Figure 13. Euclidean Distance to Roads. 
In addition, Figure 13 shows that the segments of buffers close to the roads have higher values 
(scores) and the values decline on the basis of distance from the roads. The farther the segments 
of buffers from the roads, the lower values they have. On the other hand, the closer the segments 
of buffers are to the roads, the higher values they have. As a result, after integrating with the 
production forest areas, the land units that occupied the segments of buffers close to the roads 
would have high values. Conversely, the land units that occupy the segments of buffers that are 
relatively far from the roads would have low values. The higher values were marked with dark 
brown colors, while the lower values were marked with the light yellow colors. 
2). Proximity to Villages in and around the Production Forest areas 
 One of the criteria assumed to influence the local communities in selecting locations for 
tree plantations is the distance of land units (tree plantation locations) to villages or residences. 
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From this standpoint, it is assumed that the lands closer to villages will  provide better lands for 
tree plantations. And therefore, proximity of land units to villages was measured through 
Euclidean distance calculations. The villages that exist in and around the production forest areas 
in the Banjar district are presented in Figure 14.  
  
 Figure 14. Villages in and around Production Forest Areas. 
 Procedures used in the Euclidean distance analysis of villages are the same as the 
procedures used in the Euclidean distance of roads. The result of the Euclidean distance of 
village analysis is shown in Figure 15. Like the Euclidean distance of roads (Figure 13), the 
Euclidean distance of villages (Figure 15) shows that the segments of buffers close to the villages 
have higher values than the segments of buffers relatively far from the villages. So after 
integrating the Euclidean distance of villages with the land units in the production forest areas, 
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the land units close to the villages would have higher values than the land units far from the 
villages. Unfortunately, in the process of the Euclidean distance of villages, not all villages got 
buffered (see Figure 15). Although this process was conducted repeatedly, the result was still the 
same. This problem is discussed and solved in Chapter IV (Results and Discussion). 
  
 Figure 15. Euclidean Distance to Villages. 
 3). Proximity to Wood Industries around the Production Forests 
 According to Evans and Turnbull (2004), not only do geographical considerations 
influence potential land-use directly, but also they affect the marketing of produce. Perishable 
food must usually be grown on the land near the consumer since in much of the tropics, 
refrigeration and preservation are impracticable and food is easily spoiled during transport. In 
forestry, proximity to market is not essential because wood can be transported in long distances 
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without damaging it. However, transport is costly, and if the market for forest products is not 
nearby, especially if it is necessary to export them through other countries, product costs are 
raised and continuity of supply is less ensured. Moreover, according to Murray and Wear (1998), 
because timber is a bulky commodity and transportation costs are relatively high, the geographic 
extent of timber markets is problematic. 
 The production forest areas in the Banjar district and the distribution of wood industries 
can be seen in Figure 16 
  
 Figure 16. Wood Industries around Production Forest Areas. 
 Like the Euclidean distance of roads, Euclidean distance of industries was created in 
such a size that it covered the entire focus areas, which resulted in influences on all land units in 
the production forest areas. Likewise, the procedures for the Euclidean distance of industries are 
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the same of the procedures of the Euclidean distance of roads and villages. The result of the 
Euclidean distance of industry analysis is presented in Figure 17. 
  
 Figure 17. Euclidean Distance to Industries. 
 Similar to the Euclidean distance of road and village procedures, Euclidean distance of 
industries also applied 30 values or classes. And in the Weighted Overlay Table, the values were 
reclassified or revalued in a reverse system, i.e. the first segment of buffers was assigned a value 
of 30, the second segment was assigned a value of 29, the third segment was assigned a value of 
28 and so forth. The closer the segments of buffers are to industries, the higher values they have. 
On the other hand, the farther the segments of buffers are from industries, the lower values they 
have. Consequently, after integrating the Euclidean distance layer of industries with the land 
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units in the production forest areas, the land units close to the industries would have higher 
values than the land units far away from the industries. 
Step 3: Exploring Input Datasets 
 After having broken down the research problem into a series of objectives and process 
models and deciding what datasets are needed, input datasets were explored to understand their 
content. These involve understanding which attributes within and between datasets are important 
for solving the problem and looking for trends in the data. By exploring the data, the insights 
about the areas in which location is best to be planted, the weighting for input attributes, and 
alterations to modeling process could be gained. 
 After having created the necessary layers (soil types, slopes, rainfall, land covers; the 
distance of land units to villages, to roads, and to industries) for the analysis, it is necessary to 
find a way to compare the values of classes between layers. One way to do this is to reclassify 
the values of each layer. In this case, reclassification of values for proximity to roads, villages, 
and industries has been done, so in this step, only physical criteria (land covers, slopes, soils, and 
rainfall) would be reclassified. Like in the Euclidian distance process, before reclassifying the 
values of each layer, all layers (polygon, polyline, and point) were converted to raster formats 
through “Conversion Tools” in ArcToolbox. According to the NC Division of Coastal 
Management (2005, p.7 - 8), “raster data are used for land suitability modeling because analysis 
can be performed on several raster layers at once. For example, raster data enable the user to 
perform a weighted overlay on several layers. Moreover, raster data provide continuous coverage 
of a geographic area and analysis is much more efficient.”  
 In this study, the polygon raster layers (soil types, slopes, rainfall, and land covers) 
were reclassified through “Spatial Analyst Tool” with results are shown in Table 17 (p. 87). 
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Based on Table 17, each map layer was ranked into several classes according to the number of 
characteristics for each layer/factor. The ranks started from the first to the sixth rank, which are 
drawn from the number of characteristics in one criterion. Finally, each characteristic was valued 
based on the ranking from the stakeholders’ preferences. The values started from 30 and decline 
5 scores at each level of the characteristics, with the exception of rainfall factor, which has only 
two classes, so that the values started from 30 for the first rank and 15 for the second rank. This 
value system was based on the values of the Euclidean distance calculation, i.e. the values ranged 
from 1 to 30, where the value of 30 is the maximum value. According to ESRI (2013), one of the 
objectives of reclassification is to create a common scale in order for the values to be used in 
relation to one another.  
 In the case of valuing the characteristics, the stakeholders were only involved in 
ranking the characteristics/attributes and not in valuing the characteristics. The reason is that in 
valuing the characteristics, there is no standard for determining overall weights of all criteria 
used in this study (Table 17, p. 86). There is no standard stating that the total of values must be 
100%, so the stakeholders had difficulties in answering the questions in the questionnaire. The 
absence of standards in valuing the characteristics are due to a number of reasons, e.g. it is not 
required by the models used in the analysis, and if the percentage is applied in valuing the 
characteristics, the maximum values will vary according to the number of characteristics in each 
criterion. Particularly in this study, the number of the characteristics varies on the basis of the 
criterion. And one prerequisite in the reclassification of values according to each criterion is that 
the scale of the values must be the same or have a common scale. 
  Unlike in determining the values of the characteristic, in determining the overall weight 
for all criteria, all stakeholders were involved because there is a standard, which is that the total 
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of the weights must be 100% (Table 18, p. 91), so that the stakeholders were able to easily answer 
the questions in the questionnaire. This standard is required by the Point Allocation method and 
the weighted overlay process.  
 In a weighted overlay system, ESRI (2011a) has illustrated how to value the 
characteristics in a slope criterion for analyzing a new site. For instance, a value of 1 represents 
slopes of 0 to 5 degrees, a value of 2 characterizes slopes of 5 to 10 degrees, and a value of 3 
symbolizes slopes of 10 to 15 degrees. If the evaluation scale is from 1 to 9, one may provide a 
scale value of 9 to the input value of 1 (the most suitable areas with least steep slopes), a scale 
value of 6 to the input value of 2 (the second most suitable slopes), and a scale value of 3 to the 
input value of 3 (the least suitable, steepest slopes). If it is decided that slopes greater than 15 
degrees would not be included, all input values greater than 3 are excluded.  Examples of the 
ranking results from stakeholders and the value of each characteristic for each criterion are 
described in Table 10. 
Table 10. Example of How to Rank and Value each Characteristic of each Criterion according to 
Angkipih Community 
No. Criterion Characteristic/attribute Rank Value 
1 
Land cover/ 
land use 
Dry secondary forest land 1 30 
Industrial tree plantation area 6 5 
Dry agriculture land 5 10 
Dry agriculture land and bush 3 20 
Scrub/shrub 2 25 
Barren/grass land 4 15 
Coal mining area Restricted Restricted 
2 Rainfall 
2500 - 3000 mm/year 1 30 
2000 - 2500 mm/year 2 15 
3 Soil type 
Latosol 3 20 
Complex red-yellow podzolic (latosol) 1 30 
Red-yellow podzolic 2 25 
Complex red-yellow podzolic (lateritic) 4 15 
4 Slope 
00 - 02% 6 5 
02 - 08% 4 15 
08 - 15% 1 30 
15 - 25% 2 25 
25 - 40% 3 20 
> 40% 5 10 
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 Furthermore, in determining the criterion weight in this study, a “Point Allocation 
method” was applied. According to Malczewski (1999, p.181), “the Point Allocation method 
requires the decision-maker to allocate points ranging from 0 to 100, where 100 represents the 
situation where only one criterion needs to be included in a given decision situation, and zero 
indicates that the criterion can be disregarded. The more points a criterion receives, the greater 
its relative importance.” The format of the Point Allocation method is presented in Table 11. 
 The reason for applying the Point Allocation method is that it is easy to apply because 
respondents can compare the importance of all factors at once. In addition, according to Roberts 
and Goodwin (2003), in the Point Allocation method, the decision-maker has a budget of points 
to allocate among the attributes in a way that reflects their relative importance. For example, the 
decision-maker may be asked to allocate 100 points amongst the five attributes that are relevant 
to a particular decision. Clearly, in this method, it is not necessary to normalize the weights since 
the sum of 100 is already prescribed.  
Table 11. Example of Weighted Overlay of each Criterion/Layer  
Criterion Influence (%) 
Proximity to road 20 
Proximity to village 31 
Proximity to industry 1 
Land cover 14 
Rainfall 5 
Soil 20 
Slope 9 
TOTAL 100 
Source: Malczewski, 1999. 
 On the other hand, the pairwise comparison and trade-off methods are difficult to use. 
According to Kleindorfer, et al. (1993) in Malczewski (1999), in the pairwise comparison 
method it is hard to compare two criteria without a standard. Further, Malczewski (1999) 
asserted that although the pairwise comparison method in the Analytical Hierarchy Process 
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(AHP) has been used widely, in practice the method has been criticized by some researchers. 
This criticism mostly refers to the unclearness of the meaning of “relative importance of an 
element” when it is compared to another element in a decision hierarchy. Some researchers argue 
that the type of questions asked in the pairwise comparison method is meaningless (Belton, 1986 
in Malczewski, 1999). It has been suggested that when the decision-maker is asked to answer 
questions such as how strong do you prefer ‘j’ to ‘q’ criterion, the decision-maker must be clear 
about how much of criterion ‘j’ (cost example) compared to how much quantity of criterion ‘q’ 
(environment quantity). The assumption here is that the decision-maker must provide some 
average quantities; otherwise, the decision-maker could not make a logical decision.  
 Another method is a trade-off approach. Like the pairwise comparison method, the 
trade-off method is also difficult to use and has limited application. It has been suggested that the 
trade-off procedures should be used only with objectively quantified evaluation criteria. The 
procedure is more difficult to use when the criteria are subjectively rated (Pitz and McKillip, 
1984 in Malczewski, 1999). One weakness is that the decision-maker is presumed to obey the 
axioms and can make fine-grained indifference judgments. 
 A ranking method is another method in weighting criteria. According to Malczewski 
(1999), this is the simplest method because the decision-maker only asks questions about the 
rank of stakeholders’ preference. So the actual weights are not involved in this case and therefore 
this method is assumed to have low trustworthiness. 
 Applying the Point Allocation method in this study is also based on the education level 
of the local communities as respondents. Education of respondents is not considered to be 
sufficient enough to answer the questions from the difficult methods like the pairwise 
comparison method or the trade-off method. Based on the Central Bureau of Statistics of Banjar 
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district (2010), most people living in and around the production forest areas did not finished 
Elementary School Education (82.65%); this category is followed by Elementary School 
graduates (14.78%), Middle School graduates (1.63%), and High School graduates (0.94%). In 
addition, based on experiences in collecting data in the field, the respondents found it very 
difficult to answer questions from the pairwise comparison method. This finding conforms to 
Belton (1986), who stated that some researchers contended that questions from the pairwise 
comparison method are meaningless and difficult to understand. Regarding the methods used in 
assigning weights on criteria (alternatives), Malczewski (1999) explained that the method to 
choose depends on the ease of use, accuracy, degree of understanding on the part of the decision-
maker, the theoretical foundation underlying a method, the availability of computer software, 
and the way method can be incorporated into the GIS-based multicriteria decision analysis. 
 Searching for the final values of attributes through GIS was conducted by integrating 
the attribute (characteristic) values and the alternative (criterion) weight according to a decision 
rule:  “the weighted overlay method” with a formula (Malczewski, 1999): 
Ai = ∑jwjxij 
where xij is the score of the ith alternative with respect to the jth attribute, and the weight wj is a 
normalized weight, so that ∑ wj = 1. The weights represent the relative importance of attributes. 
The most preferred alternative is selected by identifying the maximum value of Ai (i = 1, 2, ......., 
m).  
 Yet the application of the formula according to Malczewski (1999) was modified, i.e. in 
assigning scores. Malczewski (1999) provided an example in assigning a score for an attribute by 
means of directly scoring the attribute with a certain value. From this standpoint, each attribute 
for each criterion was ranked first based on the preferences of stakeholders, and then it was 
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valued for each of the attributes based on the evaluation scale available in the Weighted Overlay 
Table in ArcMap of ArcGIS, which pertained to both physical and spatial factors. Applying a 
rank system in valuing attributes in this study was aimed at making it easier for the stakeholders 
to assign values to each attribute in terms of its importance and to avoid making meaningless 
questions because there is no standard of values compared, which is a drawback in applying the 
AHP method. 
 However, in the total weight calculation, the method used in this study is in accordance 
with the formula used in Malczewski (1999), i.e. the total weight is 1 (one) or 100 if stated in a 
percentage. This is in accordance with the condition stating that in the case of n criteria, a set of 
weights is defined as w = (w1, w2, . . . , wj, . . ., wn), wj ≥ 0 and ∑ wj = 1. And in the Point 
Allocation method, the score rating is 0-100 points.  
 Triantaphyllou and Lin (1996) in Andalecio (2011) supported the formula proposed by 
Malczewski (1999) with a similar formula: 
                         n 
P* = max         ∑   xij wj 
       M ≥ i ≥ 1   i = 1 
where P* = the priority score best of the choice possibility; xij = the measure of performance of 
the ith choice possibility in terms of the jth criterion, and wj is the weight of importance.  
The total weights for all criteria are normalized so that: 
  n 
  ∑  wj = 1 
j = 1 
This is the simplest and most commonly used method if all criteria are measured on cardinal 
scales, expressed in comparable units, and weights are assigned per criterion.  
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Step 4: Performing Analysis 
1. Weighted Overlay 
 After choosing objectives, the elements and their interactions, the process model, and 
the input datasets, the last step of the analysis was performing analysis through a “suitability map 
model.” This model combined the reclassified output of slopes, soil types, rainfall, land covers, 
and proximity to roads, villages, and industries. Considering that some criteria have more 
importance in the suitability model, a “Weighted Overlay” was applied in the Spatial Analyst 
Tools. The weighted overlay combines several rasters using a common measurement scale and 
weighted them on the basis of its importance. In this case, the datasets (criteria) were weighted 
based on the stakeholders’ preferences by giving those datasets that should have more 
importance in the model a higher percentage influence (weight) than others. The result of the 
weighted overlay is that it would show the value of each land unit so that the land units would be 
in order based their value. And this would answer the questions that have been described above.   
2. ModelBuilder 
 To make the process of land suitability analysis easier, a new “Toolbox” to hold 
geoprocessing models for this study was created. Afterwards, the model was named and saved 
for further process. In this case, the new toolbox is “Site Analysis Tool” and the model is the 
“ModelBuilder.” 
  ModelBuilder is a tool for constructing and handling automated and self-documenting 
spatial models. The ModelBuilder is an extension of ArcView 3.x Spatial Analyst and has been a 
common tool in ArcGIS. The ModelBuilder allows users to create process flow diagrams and 
scenarios to automate the modeling process. Users are able to change the data sets employed by 
the model, modify the influence of each data setting on the model, perform complex analysis 
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functions, and create maps illustrating the results of analysis. Data from a different model can be 
applied as input for another model. Users can run a model with diverse parameters to assess data 
sensitivity or to evaluate similar data sets. Users can copy portions of their models within a 
model and smaller models can be joined to form larger models (ESRI, 2000 and NC Division of 
Coastal Management, 2005). 
 In the case of Land Suitability Analysis, the layer weights can be easily changed, and 
the models might be re-run to evaluate the new results. ModelBuilder is ideal for this work 
because it enables users to overlay multiple layers, rank order categories within each layer, 
compose a weight for each layer, and sum using map algebra. ModelBuilder builds a process-
flow diagram that displays the layers and operations. For example, the land suitability model 
combines and classifies multiple GIS layers to create a land suitability map (ESRI, 2000 and NC 
Division of Coastal Management, 2005). 
 In brief, the land suitability map model for tree plantations is presented in Figure 18. 
The figure shows that in solving the problem (the major goal), it is necessary to break the 
problem down. From this standpoint, the goal is to determine the most suitable lands for tree 
plantations. And this should be supported by some indicators: the lands should be close to roads, 
villages, and industries. In addition, the lands should have better slopes, land covers, rainfall, and 
soils. To meet the indicators, it is necessary to find datasets supporting the indicators. The 
datasets are road, village, industry, slope, land cover, rainfall, and soil maps, including their 
characteristics of physical factors. In this case, slopes consist of six characteristics or attributes (0 
- 2%, 2 - 8%, 8 - 15%, 15 - 25%, 25 - 40%, and > 40%), land covers also encompass six 
characteristics (secondary forests, industrial tree plantation, agriculture, agriculture plus bushes, 
scrubs/shrubs, and barren lands), rainfall comprises two characteristics (2500 - 3000 mm/year 
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and 2000 - 2500 mm/year), and soils include four characteristics (latosol, complex red-yellow 
podzolic/latosol, red-yellow podzolic, and complex red-yellow podzolic/lateritic). To explore 
which characteristics are more suitable for tree plantation locations, the characteristic of each 
criterion was ranked on the basis of preferences of stakeholders (the local communities, 
Government, NGOs, and scientists). After being ranked by the stakeholders, the characteristics 
were reclassified so that each characteristic has a value. In this standpoint, the characteristic that 
has a higher rank would have a higher value. The values ranged from 1 to 30. 
 For the spatial criteria (proximity to roads, villages, and industries), after applying 
Euclidean distance calculation, they were directly reclassified so that each segment of buffer has 
a value.  It is assumed that the closer a land to the roads, villages, and industries, the better it is 
for a tree plantation. This implies that the closer a land to the roads, villages, and industries the 
higher value it has. And therefore, the stakeholders were not involved in valuing the segment of 
buffers. The values of the segments also ranged from 1 to 30. The physical and spatial criteria 
should have the same scale of values so that they match each other. 
 After reclassifying the criteria including their characteristics, they were integrated 
through a weighted overlay method. But before integrating them, each criterion (slopes, land 
covers, rainfall, soils, and proximity to roads, village, and industries) were weighted based on the 
preferences of the stakeholders. The weighted method applied the Point Allocation method. The 
results of the integration show the value of each land unit so that the land units can be ordered on 
the basis of their values. The land unit with higher values will be more suitable for tree plantation 
locations. Because this study involved several stakeholders and each stakeholder has a suitability 
map model, to combine and maintain all the models for all stakeholders, it was necessary to use 
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ModelBuilder map model, which is presented in Figure 18. The figure shows the conceptual 
model for one stakeholder.  
  
Figure 18. Land Suitability Map Model. 
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2.4.2 Matching the Suitable Land Units with Preferred Tree Requirements 
 To explore the characteristics of land units, the land unit map was overlaid with a land 
system map. A land system map is a map containing detailed land characteristics produced by 
the Regional Physical Planning Program for Transmigration (RePPProT) of Indonesia. Land 
systems are natural ecosystems in which rocks, climate, hydrology, topography, soil and 
organisms are correlated in a specific way (RePPProT, 1990 in Poniman et al., 2004). According 
to Poniman et al. (2004), the land systems provide useful information for regional planning, 
which enables rapid identification of land suitability for specified types of land use. The 
RePPProT land systems as the land resource data are one of the thematic geospatial data useful 
for supporting spatial land use planning. The land systems after being extracted to “Production 
Forest Areas” are presented in Figure 19.  
  
 Figure 19. Land Systems in Production Forest Areas. 
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 Based on Figure 19, production forest areas have 10 types of land systems, i.e. Maput, 
Teweh, Bukit Pandan, Pakalunai, Luang, Honja, Pendreh, Mantalat, Lawanguang, and Bakunan. 
Yet, the production forest areas are only dominated by four types of land systems, which are 
Maput, Teweh, Bukit Pandan, and Pakalunai. The four types of land systems occupy 74.46% of 
the production forest areas. In detail they are presented in Table 12.  
Table 12. Land Systems in Production Forest Areas 
No. Land System Name Area (ha) Percentage (%) 
01 Maput 26,154.01 26.76 
02 Teweh 20,268.92 20.74 
03 Bukit Pandan 15,860.65 16.23 
04 Pakalunai 10,489.24 10.73 
05 Luang 6,969.87 7.13 
06 Honja 6,893.13 7.05 
07 Pendreh 6,276.61 6.42 
08 Mantalat 3,606.70 3.69 
09 Lawanguang 657.53 0.67 
10 Bakunan 549.67 0.56 
TOTAL 97,726.33 100.00 
Source: - RePPProT, 1988 
- Land System Map Analysis, 2011. 
 After finding out the land units based on integration between land units and land 
systems, the final land unit characteristics were matched to the land characteristics required by 
specific tree species. According to CSR/FAO Staff (1983), selection of crop and timber species 
is dependent on prevailing physical conditions and socio-economic strategy, and the availability 
of data on crop/timber species requirement. Furthermore, CSR/FAO Staff (1983) explained that 
in general, land units in land evaluation should contain 15 land characteristics grouped into seven 
land qualities, which are presented in Table 13. In matching Table 13 to tree growth requirements 
based on CSR/FAO Staff (1983), there are three levels of suitability classifications: Land 
Suitability Order, Land Suitability Classes, and Land Suitability Subclasses. Land Suitability 
Order consists of two suitability orders: Suitable (S) and Not Suitable (N). Order S Suitable 
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means land on which sustained use of the kind under consideration is expected to yield benefits 
which justify the inputs, without unacceptable risk of damage to land resources. Order N Not 
Suitable means land which has qualities that appears to preclude sustained use of the kind under 
consideration.  
Table 13. Land Quality and Land Characteristic Components 
Land Quality Land Characteristic 
Symbol Item Symbol Item 
T Temperature regime 1 Annual average temp. (
0
C) 
W Water availability 
1 Dry month (< 75 mm) 
2 Average annual rainfall (mm) 
R Rooting conditions 
1 Soil drainage class 
2 Soil texture (surface) 
3 Rooting depth (cm) 
F Nutrient retention 
1 
Cation Exchange Capacity (CEC) 
me/100 g soil (subsoil) 
2 pH (surface soil) 
N Nutrient availability 
1 Total Nitrogen 
2 Available P2O5 
3 Available K2O 
X Toxicity 1 Salinity mmhos/cm (subsurface) 
S Terrain 
1 Slope (%) 
2 Surface stoniness 
3 Rock outcrop 
Source: (CSR/FAO Staff, 1983). 
 Further, a land Suitability Class comprises three Suitability Classes: Highly Suitable 
(S1), Moderately Suitable (S2), Marginally Suitable (S3), and Not Suitable Class. Further, 
according to Sitorus (1985), Class not Suitable (N) can be classified into N1 (Currently not 
Suitable) and N2 (Permanently not Suitable). Land Suitability Subclasses reflect several kinds of 
limitations. Sub-classes are indicated by lower case letters following Class symbols S2 and S3 
and Order symbol N. There are no subclasses in Class S1 as this by definition has no significant 
limitations. 
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 Furthermore, according to Drissen and Konijn (1992), description of the suitability 
classes is as described in Table 14.  
Table 14. Land Suitability Classes 
No. Class Description 
1 Highly Suitable (S1) 
Lands having no significant limitations to the sustained 
application of the given type of use, or only minor limitations 
that will not significantly reduce productivity or benefits and 
will not raise inputs requirement above an acceptable level. 
2 
Moderately Suitable 
(S2) 
Land having limitations that in aggregate are moderately severe 
for sustained application of the defined use; the limitations 
reduce productivity or benefits, or increase required inputs to the 
extent that the general advantage to be gained from the use, 
although still attractive, will be appreciably inferior to that 
expected from class SI. 
 
3 
Marginally Suitable 
(S3) 
Land having limitations that in aggregate are severe for 
sustained application of the defined use and will reduce 
productivity or benefits, or increase required inputs to the extent 
that the defined use will be only marginally justified. 
4 
Currently not 
Suitable (N)1 
Land having limitations that may be surmountable in time but 
that cannot be corrected with existing knowledge at a currently 
acceptable cost; the limitations are so severe as to preclude the 
defined land-use at present. 
5 
Permanently not 
Suitable (N2) 
Land having limitations that appear so severe as to preclude any 
possibility of successful sustained application of the defined 
land-use. 
Source: Driessen and Konijn, 1992. 
 
 In addition, Land Suitability Subclasses were also applied because this classification 
reflects potential suitability after solving limitations of lands. The subclass of land units were 
matched with tree species requirements. In this case, a basic principle in the matching exercise is 
applied which is “the law of the minimum.” This means that the most limiting rating out of the 
land characteristics grouped in a single land quality is taken as the rating for that quality. For 
example, if land characteristics grouped under land quality r – “Rooting Conditions” produce 
ratings for wet land rice: soil drainage class (S1), soil texture/surface (S2), and rooting depth 
(S3), then the suitability rating for land quality r – “Rooting Conditions” will be S3 with the 
symbol S3r.    
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 According to Mantel et al. (2007), matching the land and soil information with the 
plant requirement information produces ratings that indicate the adequacy of land quality for tree 
cultivation under given conditions of management and inputs. In addition, Mantel et al. (2007) 
stated that the most limiting factor was assumed to determine the overall suitability rating in 
accordance with “Liebig’s Law of the Minimum.” This law states that crop growth is based not 
on the total of resources available, but crop performance is limited by the scarcest resource. 
2.4.3 Socioeconomic Analysis 
 In this study, public opinion in determining ranks and weights of spatial criteria for land 
suitability analysis were incorporated. To ensure suitable land uses, not only do physical criteria 
have to be taken into account, but social criteria should also be included. According to Sitorus 
(1985), in land suitability and capability systems, socioeconomic criteria are also important, and 
in fact they are dominant criteria in determining values and optimal land uses. Sitorus (1985) 
further explained that socioeconomic criteria can consist of geographic conditions that are easily 
quantified, such as position in relation to resident locations, transportation, and other human 
activities. Socioeconomic criteria can also encompass the unquantifiable criteria such as 
availability of skilled workers or limiting criteria related to culture and religion of a certain 
community.  
 Warner (1994) explained that tree planting is not just planting trees, but comprising a 
multifaceted sequence of decisions regarding not only which trees should be planted, but also 
how many trees should be planted, where they will be planted, who will plant the trees and 
provides care, and who will derive which benefits from the trees. In addition, according to 
Warner (1994), a plantation project established on socially suitable lands will be accepted by 
communities. Furthermore, Gautam (1999) cited in Webb and Thiha (2002) stated that if a 
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plantation is established on socially suitable lands, it is usually well protected by the community 
and can provide many benefits.  
 In addition, Webb and Thiha (2002) contended that there are two major benefits of 
integrating biophysical and socioeconomic data over a traditional method, i.e. first, the integrated 
method resulted in a more precise data of suitable sites for plantation investment. In turn, it could 
benefit more rural people and lead to greater investment efficiency. Second, integrating social 
preference into GIS could lead to higher community acceptance of plantation projects because 
those plantations would be established on socially suitable lands. 
2.4.3.1 Social analysis 
  In addition to the physical and spatial criteria described in the previous sections, social 
aspects were also studied. These concern the perception and preferences of the community and 
non-community stakeholders in ranking each characteristic of criteria and weighting each 
criterion used in the analysis for selecting locations for tree plantations. Community stakeholders 
are the stakeholders from the local communities residing in the village samples in and around the 
production forest areas, while non-community stakeholders are from the government, university 
(scientists), and NGOs relatively close to the research location. The community stakeholders are 
also categorized as farmers, whereas the non-community stakeholders are classified as non-
farmers. 
2.4.3.1.1 Data collection of community stakeholders 
 Cluster methods were used to gather data regarding the community stakeholders. All 
villages that are located closely to one another in the sub-districts were included in the same 
cluster, and one or two villages in each cluster were then randomly selected as village samples. 
Next, within each village sample, the households that do not have activities in agriculture were 
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purposively excluded. This was easy to do because the number of households that do not have 
agricultural activities is very small. Based on data from the Central Bureau of Statistics of Banjar 
District (2010), only 2.70% of households did not engage in agricultural activities, indicating that 
many people involved in more than one activity. For example, besides providing services to the 
public, a worker on the village administrative staff also engages in agricultural activities for 
increasing his or her income. Further, the households that have agricultural activities were 
randomly selected. Interviews were held with heads of households either in personal or in group 
without differentiating between men and women. The reason is that based on local community 
and agricultural traditions, it is the head of a household, usually a man, who will be responsible 
to respond to outsiders. A woman will be head of a household only if there is no adult man 
present. 
 According to Czaja and Blair (2005), people with similar characteristics (such as 
income, demographics, and attitudes) are likely to live in the same block (cluster) or in the same 
neighborhoods. Furthermore, Singarimbun and Effendi (1989) stated that at the first sampling 
population, all regions should be divided into clusters. Then, the clusters should be randomly 
selected as the first samples. In addition, the first samples are treated as populations for the 
second sampling, which consist of households. The list of households is called sampling frames, 
and from this the households were selected randomly as sample units. 
 Farmers from 7 of the 32 villages and sub-villages in three sub-districts included in the 
production forest areas of the Banjar district were selected. The total number of households that 
have agricultural activities in the seven villages is 2,492 units as presented in Table 15. 
 From the total of households, sample units were taken randomly 5% (5% x 2,492 
households) = 124 households. The selected households represented by the head of household 
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were interviewed through semi-structured interviews using a questionnaire. Questions in the 
questionnaire for farmers are contained in Appendix A, while questions for non-famers are shown 
in Appendix B. Further, collected data were processed with a Statistical Package for the Social 
Sciences (SPSS) 19.0.  
Table 15. Number of Villages, Households, and Samples 
No. Sub-district/Village Number of Household Number of Sample 
A Pengaron   
1 Alimukim 144 7 
B Sungai Pinang   
1 Sumber Baru 368 18 
2 Kahelaan 767 38 
3 Kupang Rejo 284 14 
4 Belimbing Baru 274 14 
C Peramasan   
1 Angkipih 258 13 
2 Peramasan Bawah 397 20 
TOTAL 2,492 124 
Source: Survey Results, 2011. 
 Furthermore, in the interviews, questions about incomes and costs related to farming 
activities of the local communities, including the system used in implementing agroforestry, 
were asked. These questions were not included in the questionnaire; hence the reason for 
applying a “semi-structured interview” model in this study. According to Case (1990), semi-
structured interviews are performed with a fairly open framework using focused, conversational, 
two-way communication starting with more general information questions or topics. They can be 
used to give and receive information. The information obtained from the semi-structured 
interviews will provide not just answers, but the reasons for the answers. 
 In addition, the method used in making decisions based on the community stakeholders 
in the physical and spatial analyses is a consensus of opinions. When making decisions in 
ranking an attribute and weighting a criterion, sample units (e.g., selected households) in one 
village were considered as one group, except the selected households at Kahelaan village, which 
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were divided into two groups because the village has a relatively  large number of households 
(767 households). Further, all members in a group were asked to rank each attribute under each 
criterion and weight each criterion of all criteria applied. In this process, a two-step process was 
employed. Firstly, the majority opinions from group members were selected, and the group 
members that have different opinions were asked further questions. Secondly, the process to 
achieve a consensus opinion was continued. In this process, the group members discussed their 
opinions and then selected opinions that are unanimously agreed by all the group members. 
According to Tjosvold and Field (1983), in consensus decision-making, all group members 
express their opinions, discuss the issue, and then choose an alternative they are all able to agree 
with, at least in part. In addition, Hall (1971) cited in Tjosvold and Field (1983) argued that in 
consensus, contradictory opinions can be addressed directly, because all people are encouraged 
to express their own views, and this open argument results in a thorough assessment of the 
problem, understanding among group members, and the construction of high quality solutions to 
which members are committed. 
 Some reasons in applying groups instead of individuals as sample units in the 
community stakeholders have been explained by some experts. According to Hwang and Lin 
(1987) in Malczewski (1999), more spatial decisions are made by group decision-makers than an 
individual decision-maker. Furthermore, Hwang and Lin (1987) explained that group decision-
making problems are mostly faced in the public sector. For example, major decision of locating 
public “goods” (e.g., the locations of a hospital, school, park) and public “bads” (e.g., the 
location of noxious facilities such as a hazardous waste incinerator or waste landfill) necessitate 
analyzing the values of diverse interest groups; that is, the people affected by the “goods” and 
“bads.” Likewise, land-use decisions usually involve many parts because of the inevitable trade-
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offs inherent in protecting or developing specific lands and the different impacts from a variety 
of stakeholder groups. 
 Furthermore, Bungin (2003) declared that groups have a better philosophy than an 
individual because of the following reasons: (1) each individual in a group can share knowledge 
to each other, and (2) each individual can be influenced by another individual, so that the 
individual attempts to be the best. Likewise, Tjosvold and Field (1983) asserted that in group 
decision-making, persons can combine ideas, correct errors, and encourage thinking to create and 
evaluate solutions. So, groups are thought to have greater potential for decision-making. In 
addition, Tjosvold and Field (1983) stated that some researchers have supported group decision-
making because groups typically make decisions superior to those made by individuals (Kelley 
and Thibaut, 1968 and Nicholas and Day, 1982) and induce greater acceptance of the decision 
(Maier, 1970) and more understanding of the problem (Laughlin, 1978). 
 However, collecting data regarding socio-economic aspects of the local communities 
was done through personal interviews. These data include the major work of the local 
communities, the trees most preferred to plant, the reasons for choosing those tree species, the 
distance of their agricultural lands to the road and village, how they go to the agricultural lands, 
how they sell their agricultural products, the area of owned and managed lands, the intention to 
plant trees, and the agricultural systems applied. In detail, the socio-economic data are described 
in the questionnaire for the farmers in the Appendix A.  
 Further, the locations of data collection in the community are shown in Figure 20. The 
numbers (1, 2, 3, 4, 5, 6, and 7) are Alimukim, Sumber Baru, Kahelaan, Kupang Rejo, Belimbing 
Baru, Angkipih, and Peramasan Bawah village respectively. 
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2.4.3.1.2 Data collection of non-community stakeholders 
 In addition to the community stakeholders, other stakeholders were also involved in 
order that this study reflects different perspectives from different stakeholders on suitable lands 
for tree plantations. According to Malczewski (1999), multifaceted decision problems mostly 
encompass a number of decision-makers (interest groups) either as a single person or a group of 
people, such as the government or corporate organizations. 
 
1 = Alimukim, 2 = Sumber Baru, 3 = Kahelaan,  
4 = Kupang Rejo, 5 = Belimbing Baru,  
6 = Angkipih, and 7 = Peramasan Bawah. 
 Figure 20. Village Sample Locations. 
 Further, Weaver et al. (2005) cited in Omann et al. (2008) contended that the 
involvement of stakeholders has an important role in trans-disciplinary research, particularly in 
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integrated suitability assessment. Furthermore, Fiorino (1990) cited in Omann et al. (2008) 
asserted that the main reasons for involving different stakeholders are (1) gathering additional 
information and knowledge about an unclear issue, (2) encompassing diverse perspectives from 
different parties, and (3) extending participation for increasing legitimacy. 
 The question about which stakeholders will be included in a participatory process 
depends on the issue, scale, and objectives of research and depends on whether they are 
practitioners, technicians, theorists or politicians, and the difference in their way of approaching 
tasks and weighting criteria (Omann et al., 2008). In this study, the interest groups (stakeholders) 
that were involved besides the local communities are scientists from the Faculty of Forestry of 
Lambung Mangkurat University (10 respondents), the Banjar Forestry Institution (6 
respondents), the Land Rehabilitation and Soil Conservation Agency (6 respondents), the South 
Kalimantan Forestry Institution (4 respondents), the Regional Body for Planning and 
Development (4 respondents), and the Non-governmental Organizations/NGOs (10 respondents). 
 Furthermore, the institutions, locations, and the number of respondents for each 
institution are presented in Table 16. 
Table 16. Stakeholders, Locations, and Number of Respondents 
No. Institution Location 
Number of 
Respondents 
1 Faculty of Forestry, Lambung Mangkurat University South Kalimantan 10 
2 Forestry Institution of Banjar district South Kalimantan 6 
3 Land Rehabilitation and Soil Conservation Agency South Kalimantan 6 
4 Forestry Institution of South Kalimantan Province South Kalimantan 4 
5 
Regional Body for Planning and Development of 
Banjar district 
South Kalimantan 4 
6 Non-governmental Organizations (NGOs) South Kalimantan 10 
TOTAL 40 
 In collecting data regarding ranks and weights of criteria based on the stakeholder 
preferences, two approaches were used when dealing with multiple decision-makers. In terms of 
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community stakeholders, each village was assumed to be one group, except the Kahelaan village, 
which was divided into two groups because it has a bigger population. Because it is assumed that 
communities are homogeneous in terms of activities, education, tradition and culture, and they 
are cooperating as a team or a coalition, then the group is representative of a community in the 
village when it comes to deriving ranks and weights for multi-criteria analysis. Similarly, in 
collecting data from the government institutions represented by the Forestry Institution in the 
Banjar district, the Forestry Institution in South Kalimantan province, the Land Rehabilitation 
and Soil Conservation Agency, and the Regional Development and Planning Board, each 
institution was assumed to be one group.  
 Unlike the institutions above, in collecting data in the university (the scientists), a 
“personal interview method” was applied. The reason is that the scientists involved are from 
different disciplines, but their disciplines are still related to tree plantation activities. According 
to Malczewski (1999), when addressing multiple decision-makers, two approaches can be 
applied. First, if it is assumed the individual decision makers are homogenous and cooperating as 
a team or coalition, the weights of criteria can be derived from the group. Second, if the 
preferences diverge among the people in a group, the weights should be approximated distinctly 
for each person (or a homogeneous group of people), and then aggregate the individual weights 
to gain overall weights. Malczewski (1999) also explained that in the case where consensus in a 
group is not achieved, one possible method is to average the weighting criteria of each 
alternative using participants’ vote, and then relating the resulting alternative to the data. 
 According to Keller (2005), many researchers think that the best way to survey people 
is by means of personal interview, which involves an interviewer gathering information from a 
respondent by asking arranged questions. In addition, Keller (2005) said that one advantage of 
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using personal interview is that the interviewer has a higher expected response rate than in other 
methods of data-gathering because when the respondents do not understand the questions of the 
interviewer, the interviewer can clarify the misunderstandings.  
2.4.3.1.3 Decision Rules in Social Analysis 
 In making decisions in individual decision-making using weighting criteria, the rule 
suggested by Adamcsek (2008) was used. The rule states that an aggregation of each individual’s 
resulting priorities can be computed using either a geometric mean or arithmetic mean. 
 In this case, the arithmetic mean was employed with a formula: f (x1, x2, . . ., xn) = (x1 + x2 + . . . 
+ xn)/n, where x = score of an observation, and n = the number of observations or the sample 
size. Further, Keller (2005) suggested another form of the formula below: 
           ∑  
 
   
 
   
=
                
where:
 
    = sample mean 
   = number of observations 
    = the score of each observation. 
 According to Keller (2005), the arithmetic mean is the single most popular and useful 
measure of central location. In addition, Keller (2005) asserted that the arithmetic mean is 
appropriate when estimating the mean rate of return (or growth rate) for any single period in the 
future. However, in certain situations the geometric mean should be used; for instance, when the 
variable is a growth rate or rate of change, such as the value of investment over a period of time. 
In other words, the geometric mean is used whenever one wishes to find the “average” growth 
rate, or rate of change, in a variable over time. In this study, the arithmetic mean was also used in 
aggregating each group preference in both the community and non-community stakeholders. In 
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this case, the criterion weights from each group were summed over and then divided by number 
of groups.  
 In addition, in assigning ranks on each characteristic of each criterion, a different 
method from the method used in assigning weights on each criterion was applied because 
according to Keller (2005), the type of data used in weighting criteria is classified as interval 
data, and when data are interval it is possible to use any of the measures of central location, 
including the arithmetic mean. However, for ordinal data the calculation of the mean is not valid. 
In this case, the procedure used in assigning ranks is summing all ranks from all respondents and 
or groups, and then from the total of the ranks, new ranks were created; in other words, re-
ranking the total rank from the smaller ranks to the bigger ones. Further, the ranks were valued 
with straight rank systems, namely the first rank has a maximum value (30 scores/points), the 
second rank with the value of 25 scores/points, the third rank has the value of 20 scores/points, et 
cetera. The scoring process has been explained in the previous sections. This rank system was 
applied for both community and non-community stakeholders. 
2.4.4 Financial analysis  
 For financial analysis, tree species analyzed are the favorite tree species to both the 
local communities and other stakeholders for tree plantations. Further, in maximizing the income 
of the local communities, agroforestry systems were applied in accordance with tree plantation 
systems used by the local communities in the field. According to the Forestry State Company of 
Indonesia (1990), agroforestry is management of land uses optimally and sustainably by means 
of combining forestry and agriculture activities in the same land with regarding physical 
environment, social, and culture of communities involved.  
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 The role of the financial analysis is to evaluate private returns of a project or an activity 
in the present time (present worth). The present worth in general applies three criteria of 
investment: Net Present Value (NPV), Benefit Cost Ratio (BCR), and Internal Rate Return (IRR) 
with the formulas: 
 
      ∑
 
   
 
 
 
                     ∑
 
   
 
b. BCR = 
                     ∑
 
   
 
 
c. IRR is the value of discount rate (i) that make NPV equals to zero; that is, 
 
                     ∑
 
   
 
 
where Bt = Income each year 
          Ct = Cost each year 
             t = Number of year 
             i = Interest rate. 
 Usually in the IRR formula, the value of discount rate i cannot be calculated directly, 
but it can be observed repeatedly in a short time with a procedure as follows: 
a. Choosing discount rate i that it is measured close to the right IRR, and then calculating NPV 
from benefit and cost in cash flow. 
b. If the NPV result is negative, this means that the value of experiment i is too high (benefit in 
the future is too heavily discounted resulting in the present value of cost exceeds the present 
value of benefit). So, a lower value of the experiment i should be chosen. 
 Bt – Ct 
(1+i)
t
 
   Bt  
 (1+i)
t
 
   Ct 
 (1+i)
t
 
Bt – Ct 
(1+i)
t
 
=  0 
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c. Contrariwise, if the NPV result is positive, a higher value of the experiment i should be 
selected. 
d. The value of the first experiment for discount rate i is symbolized with i’ and the second one 
is symbolized with i”. Further, the value of the first experiment for NPV is symbolized with 
NPV’ and the second one is symbolized with NPV”. Provided that one of the two NPV 
estimations is not too far from zero (as the right NPV value is achieved when i = IRR), then 
the estimation of the close IRR can be obtained with resolving the following equation 
(Kadariah et al., 1978): 
                          NPV’ 
IRR = i’ + ------------------ (i” – i’). 
                   NPV’ – NPV” 
 From this standpoint, the cultivation of tree species preferred by local communities was 
analyzed using the three criteria with at the goal of examining whether the activity is feasible or 
not. This analysis is very important in making final decisions because land suitability analysis is 
just a basis for selecting tree species in tree plantations. Djaenudin et al. (1993) stated that the 
result of land evaluation/analysis is one of criteria in selecting commodities to be developed in a 
certain land. Actually, in selecting the commodities, not only based on land suitability classes but 
also the economic values of the commodities should be considered. For instance, a land area is 
classified as marginally suitable (S3) for soybeans after land evaluation, but it is also suitable 
(S2) for cassava plant. In this case, the plant to be prioritized for development is the soybean 
because the soybean plant has better market aspect and price. So, besides considering land 
suitability analysis, analysis of agricultural enterprises, marketing, and socioeconomic aspects 
should be done integrally. 
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2.4.5 Economic analysis  
 In supporting the local communities so they can obtain the maximum profits on tree 
plantations, the economic aspect of preferred tree species was analyzed, particularly the optimum 
rotation period of the tree species preferred by the local communities and other stakeholders. 
This is aimed at answering the question of when the local communities should cut down the 
preferred tree plantations. Some researchers have addressed this issue. For instance, Howe (1979, 
p.228) stated that “the optimum rotation of a forest occurs at the point where the total annual 
costs equal the annual increase in stumpage value.” Furthermore, Howe (1979, p.227) suggested 
a rule for determining the optimal rotation: “allow the trees to continue growing as long as the 
annual increase in the stumpage value exceeds the interest foregone on the stumpage value plus 
the rental value of newly planted land.”  Further, Hartman (1976) asserted that a forest should be 
harvested when the growth is equal to the discount rate. However, with recreational and other 
service values of the forest, it should be harvested when the rate of growth is less than the 
discount rate. This can be achieved by delaying harvest.  
 Particularly in this study, the Hartman Model in Amacher et al. (2009) was applied in 
determining the optimum rotation for tree plantations because the Hartman model determines the 
optimum rotation of tree plantations based on the maximum Net Present Value (NPV). 
According to Hirschleifer (1958) in Sedjo (1983), NPV is theoretically superior to the Internal 
Rate return (IRR), because the NPV supports an analysis of the significances of development and 
the land acquisition costs that may be rationally considered, while the IRR supports short 
payback projects, and tending to view more favorably the short-rotation pulpwood project over 
the longer rotation integrated pulpwood/saw timber operation.   
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 Furthermore, to maximize the NPV in determining the optimum rotation for tree 
plantations, the Hartman model applied the following formula (Amacher, 2009): 
W = V + E, 
                                                                                       T 
where V = (1 – e-rT)-1[pf(T)e-rT – c] and E = (1 – e-rT)-1∫o F(s)e
-rs
ds. 
Here V is the net present value of harvesting over an infinite sequence of rotations. The variable 
E is the present value of amenity services over infinite sequence of rotations. Yet, in this 
analysis, variable E was ignored because benefits that would be considered are direct benefits 
from a forest that can be directly sold by local communities. In addition, all tree species can 
produce amenities in almost the same values. So, the model becomes:  
V = (1 – e-rT)-1[pf(T)e-rT – c]. If the continuous discount factor is changed to integer values, and 
then the equations below were obtained: 
                 1 
V = ----------------- [pf(T)/(1+r)
T – c] 
       (1 – 1/(1+r)T) 
 
       
       [pf(T)/(1+r)
T – c] 
V = --------------------- 
        (1 – 1/(1+r)T) 
 
where: 
p = price of product 
f = volume of product 
T = time needed for growing trees in certain period (year) 
c = costs for growing trees. 
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If this formula is applied to the financial analysis structure, the equation above becomes: 
                                      B1 – C1                               BT – CT 
                   (B0 – C0) + ---------- +   -   -   -   -   - + -------------- 
                                        1 + r                                   (1 + r)
T
 
VT =  
                                                                1 
                                                    1 – ------------ 
                                                           (1 + r)
T
 
 
where: 
 n 
Benefits for zero (0) age (year):   B0 =    ∑  Benefits j (0) 
 j = 1 
 
 n 
Costs for zero (0) age (year):   C0 =    ∑  Costs j (0) 
 j = 1 
 
 n 
Benefits for other years:   BT =    ∑  Benefits j (T) 
 j = 1 
 
 n 
Costs for other years:   CT =    ∑  Costs j (T) 
 j = 1 
Finally, the optimum rotation period can be achieved by choosing the age (year) that maximizes 
Net Present Value (NPV).  
 This study was conducted with the procedure described in the Flow Diagram of 
research methodology presented in Figure 21. Figure 21 shows that this study began by collecting 
physical and spatial inputs. The inputs consist of Base Map of Indonesia including soil type, 
slope, road, and administrative (village) maps. Other inputs: rainfall and industry maps, and 
Satellite Image were used to produce a land cover map. Besides physical and spatial inputs, 
socioeconomic inputs were included in this study. Socioeconomic inputs encompassed the local 
communities, scientist, government, and non-governmental organization preferences. 
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 In the process, physical criteria (land covers, slopes, rainfall, and soil types) were 
extracted to the focus areas (production forest areas). Afterwards they were converted to a raster 
format before reclassifying the criteria. Particularly in spatial criteria: industries, villages, and 
roads, in terms of proximity to land units, they were calculated through the Euclidean distance.  
 The next process was to classify the values of all criteria by using “reclassifying” 
procedure in the ArcMap-GIS. After reclassifying, the values were ranked and weighted 
according to local community and other stakeholder preferences. The result of the process was 
the determination of “land units” for tree plantation locations. Further, because there were many 
small land units scattered in the production forest areas and their positions did not connect to 
each other, the land units were grouped and cleaned up based on “Generalization analysis.”  
 The next process was to convert the land units to feature classes so that the layers could 
be overlaid with the land system layer. The result of the overlay was the land units with specific 
characteristics. Further, the land units with specific characteristics were matched with tree 
species requirements. Furthermore, to identify the most profitable locations for tree plantations, 
financial analysis for preferred tree species and the agricultural crop species was conducted. 
Finally, the most profitable locations for tree plantations are the most suitable locations that can 
be planted with the most profitable tree and crop species through an agroforestry system. 
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Figure 21. Flow Diagram of Research Methodology. 
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CHAPTER III:  
RESULTS AND DISCUSSION 
3.1 Results 
 In analyzing the suitable locations for tree plantations physically and socially 
acceptable to different parties, several stakeholders were involved in determining the locations 
by ranking the characteristics of each criterion and then weighting all the criteria. The 
stakeholders were the local communities, government, scientists, and NGOs. In the following 
sections, the result of ranking the characteristics of each factor and weighting each 
factor/criterion is discussed. 
3.1.1 Community Stakeholders 
 Local communities in this study areas are represented by seven villages: Peramasan 
Bawah (PB), Alimukim (AM), Sumber Baru (SB), Kahelaan (KH), Belimbing Baru (BB), 
Kupang Rejo (KR), and Angkipih (AK). The selected communities in the seven villages were 
interviewed to get information about their preferences in determining ranks of characteristics of 
each factor or criterion influencing tree plantation locations. The local communities were also 
asked to determine the weight of both criteria: physical and spatial criteria. In this case, they 
were asked to assign the percentage of importance of each criterion in the “Point Allocation 
Table.” In comparing the references among the village samples in ranking each characteristic of 
criteria and weighting each criterion, the ranks and weights from all the village samples were 
aggregated first as a comparison standard, and then the aggregate ranks and weights were 
compared with the ranks and weights from each village sample. This process was aimed at 
analyzing the differences and searching for the reasons of the differences from determining 
characteristic ranks and criterion weights regarding selection of tree plantation locations. These 
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comparisons are analogous to the comparisons between the average forward and backward 
linkages of all economic sectors and each economic sector in a region through Input-Output 
analysis (Basir, 1990).  
3.1.1.1 Aggregate Community 
3.1.1.1.1 Ranks 
 All characteristics of each factor were ranked by the local communities by each village 
sample. After having been ranked by the local communities, the ranks were aggregated, and then 
“new ranks” were created for the aggregate communities. The new ranks were obtained from the 
total number of ranks at each characteristic (attribute) of each criterion (alternative). The total 
number of ranks is the sum of all ranks from all community groups. The first new rank started 
from the lower total number of ranks followed by the higher ones. Next, the new ranks were 
valued with a straight rank system, meaning that the lower ranks have a higher value and vice 
versa. In other words, the largest value is given to a rank of 1 and the values decrease as ranks 
increase.  
 In detail, the results of the act of ranking from the local communities of all village 
samples and the new ranks as aggregate community ranks are presented in Table 17. Based on 
Table 17, from the land cover point of view, the aggregate communities gave the first priority on 
scrub/shrub lands for tree plantation locations. The reason is that the scrub/shrub lands are 
available enough around their village. This condition can be seen in the land cover condition of 
production forest areas (Table 7, p. 37). This table shows that land covers in the production forest 
areas are dominated by scrubs (44.81%), secondary forests (30.64%), and land agriculture and 
bushes (11.58%). 
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Table 17. New Ranks and Values of each Characteristic on Aggregate Communities 
Criterion Characteristic 
Ranks based on Community Preference 
on each Village Sample Total 
New 
Rank 
Value 
AK KR BB KH SB AM PB 
Land 
cover/ 
land 
use 
Secondary 
forest land 
1 6 2 1 3 2 1 16 2 25 
Industrial tree 
plantation area 
6 5 4 6 5 5 6 37 6 5 
Agriculture 
Land 
5 4 5 4 6 6 5 35 5 10 
Agriculture 
Land and 
Bush 
3 3 3 3 2 3 3 20 3 20 
Scrub/shrub 2 1 1 2 1 1 2 10 1 30 
Barren/ 
grass land 
4 2 6 5 4 4 4 29 4 15 
Coal mining 
Area 
0 0 0 0 0 0 0 0 0 0 
Rainfall 
2500 – 3000 
mm/year 
1 1 1 1 1 1 1 7 1 30 
2000 – 2500 
mm/year 
2 2 2 2 2 2 2 14 2 15 
Soil 
type 
Latosol 3 2 2 2 2 2 2 15 2 25 
Complex red-
yellow 
podzolic 
(latosol) 
1 1 1 1 1 1 1 7 1 30 
Red-yellow 
podzolic 
2 3 3 3 3 3 3 20 3 20 
Complex red-
yellow 
podzolic 
(lateritic) 
4 4 4 4 4 4 4 28 4 15 
Slope 
00 – 02% 6 5 5 6 4 1 5 32 5 10 
02 – 08% 4 2 2 3 2 2 4 19 2 25 
08 – 15% 1 1 1 1 1 3 1 9 1 30 
15 – 25% 2 3 3 2 3 4 2 19 3 20 
25 – 40% 3 4 4 4 5 5 3 28 4 15 
> 40% 5 6 6 5 6 6 6 40 6 5 
AK = Angkipih, KR = Kupang Rejo, BB = Belimbing Baru, KH = Kahelaan, SB = Sumber Baru, AM = 
Alimukim, PB = Peramasan Bawah. 
Source: Survey Results, 2011. 
 Availability of lands around the village means that distance between plantation areas 
and villages or residences are close. And this is very important for the success of tree plantations. 
According to Kassali (2006), large farm distance negatively affects farmer’s productivity through 
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several effects, i.e. it would be a waste time and energy enhancing the hardship of farming 
business, and it also means additional production costs through transportation and a reduced farm 
gate price. Therefore, decision makers aiming at improving farmers’ productivity should include 
the one that would minimize distance effect on farmers. So, the reason of the aggregate 
communities in prioritizing the scrub/shrub lands for tree plantation locations is logical because 
it implies that the locations of tree plantations close to the village will make all farming activities 
efficient and safe. Moreover, the scrub/shrub lands are easily prepared for tree plantations 
through the habit of the local communities to burn land for land clearance. Moreover, soil 
conditions under the scrubs/shrubs are crumbly and loose so it is easy to cultivate.  
 The second place is secondary forest lands. These lands are considered to be fertile 
enough for tree plantations because they contain much humus and many nutrients. This was very 
important because the local communities are unable to buy fertilizers due to high cost. The third 
place is agriculture lands plus bushes. These lands were defined as fertile lands since the lands 
are maintained by the farmers in terms of fertility and physical conditions. The fourth place is 
barren/grass lands. The aggregate communities preferred the grass lands for tree plantations 
rather than the agricultural lands and industrial tree plantation areas because they do not have a 
problem with the land status even though the land condition is very poor. Further, the fifth and 
sixth priorities are agricultural lands and industrial tree plantation areas respectively. These lands 
were considered having a low priority for tree plantations because the aggregate communities do 
not want to use their agricultural lands for other crops. Moreover, the agricultural lands are being 
utilized by the local communities for producing rice, which is a staple food, and producing other 
commercial crops such peanuts, turmeric, and ginger. For the industrial tree plantation lands, the 
aggregate communities place them as the lowest priority because they do not want to have 
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problems with the company and government concerning the status of the lands, even though the 
lands have been abandoned by the forest company. 
 In terms of rainfall, the aggregate communities preferred the higher rainfall rather than 
the lower one for tree plantation areas. According to the communities, a higher rainfall will 
supply enough water for tree growth, especially at the seedling and sapling stages. And they 
contended that in general rainfall in and around the forests is enough for tree plantations. Yet, a 
problem sometimes emerges when the distribution of rainfall is not even in each month, which 
hampers plant growth. According to Wolf (1999), water is essential for crop production because 
it is necessary for photosynthesis, respiration, growth, and reproduction. Lack of sufficient water 
cannot only reduce crop yields and quality and increase susceptibility of crops to disease and 
insect attacks, but ultimately lead to the premature death of plants. 
 Another factor influencing tree plantation locations is soil types. Although the local 
communities do not understand well about soil chemically in the field, they know soil condition 
physically from the soil color and vegetation growing on the soil. According to Lutz and 
Chandler (1946), color is the most obvious of all soil characteristics. Soil color has been used as 
an index of soil for centuries by farmers. Based on the local community experiences, the dark-
colored soil is more fertile than is the light-colored soil. In addition, Lutz and Chandler (1946) 
said that the most common cause of black or brown colors in soils is soil organic matter. 
Furthermore, Brady (1990) asserted that organic matter fixes particles into granules causing the 
loose and easily managed condition of soil, and it increases the amount of water held in the soil. 
In addition, it is also a major soil source of phosphorus and sulfur and the primary source of 
nitrogen. 
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 In vegetation standpoint, Charman and Murphy (2007) contended that native vegetation 
can provide useful suppositions for soil distribution and is a significant tool for mapping soil as 
vegetation often has a close association with soil properties. Based on the local community 
experience, if bushes grow well on the soil and the bushes consist of many species, this indicates 
that the soil is good for tree plantations. On the other hand, if the soil is just grown with or 
dominated by one species such as alang-alang (Imperata cylindrica); this indicates that the soil is 
poor.  
 After explaining the properties of soil types based on Soepraptohardjo and Ismangun 
(1980) in Siradz (2007), the local communities ranked each characteristic of the soil types, which 
is presented in Table 17. In addition to soil properties and indicators above, the local 
communities ranked the characteristic of soil on the basis of the area of the soil types in the 
production forest areas (Table 9, p. 41). Based on the table, the production forest areas are 
dominated by complex red-yellow podzolic/latosol (73.85%), followed by latosol (13.41%), red-
yellow podzolic (10.01%), and complex red-yellow podzolic/lateritic (2.12%).  
 On the basis of the two principles (the soil properties and indicators, and the areas of 
each soil type), the aggregate communities placed the complex yellow-red podzolic/latosol at the 
first rank, followed by latosol, yellow-red podzolic, and complex red-yellow podzolic/lateritic as 
the second, third, and fourth rank respectively. According to Soepraptohardjo and Ismangun 
(1980) in Siradz (2007), the yellow-red podzolic/latosol has better quality based on the properties 
of soil in terms of pH, depth of solum, consistency, base saturation, and Cation Exchange 
Capacity (CEC) compared to other soil characteristics.  
 The last factor is slopes consisting of 0 - 2 %, 2 - 8%, 8 - 15%, 15 - 25%, 25 - 40%, and 
> 40% based on slopes in production forest areas (Table 5, p. 32). Based on the table, slopes 
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dominating the areas are the slopes (8 - 15%), followed by slopes (2 - 8%), and slopes (15 - 2%). 
In this point, the aggregate communities ranked the priorities based on the availability of the 
lands, i.e. the lands with the slopes of 8 - 15% is the first rank, followed by the lands with slopes 
of 2 - 8%, slopes of 15 - 25%, slopes of 25 - 40%, and slopes of 0 - 2%. The lands at > 40% 
slope is wider than the lands with slopes of 0 - 2%, but they are difficult to reach and manage. 
Furthermore, according to the aggregate communities, the land with slopes of 0 - 2% besides too 
small for tree plantations; it is more suitable for agricultural crops. 
3.1.1.1.2 Weights 
 After having ranked the characteristics of each factor, the local communities were also 
asked to assign a weight on each factor from both physical and spatial criteria. The physical 
criteria consist of land cover types, rainfall, soil types, and slopes; whereas spatial criteria 
encompass proximity to roads, villages, and industries. 
 In the weighting system, a Point Allocation method was used. The Point Allocation 
method is a part of “rating method,” where the local communities were asked to assign weights 
ranging from 0 to 100 points. The more points a criterion receives, the greater its relative 
importance (Malczewski, 1999).  
 In this study, the weights applied in the aggregate community were the mean weights 
of all village samples. This system follows the Theorem: “the general synthesizing functions 
satisfying the unanimity and homogeneity condition.” One of the functions is the arithmetic 
mean: f(x1, x2, . . . . ., xn) = (x1 + x2 + . . . + xn)/n, where x = judgment (weight) of one 
community group, and n = number of community groups. This theorem was suggested by 
Adamcsek (2008). 
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 The details about the weights of each village sample and average weight of each 
criterion/factor are presented in Table 18. 
Table 18. Criterion Weights based on Aggregate Communities 
Criterion 
Village Sample 
TOTAL AVERAGE 
Angkipih 
Kupang 
Rejo 
Belimbing 
Baru 
Kahelaan 
Sumber  
Baru 
Alimukim 
Peramasan  
Bawah 
Proximity to 
Road 
20 28 25 25 16 23 33 170 24 
Proximity to 
Village 
31 26 19 19 18 23 16 152 22 
Proximity to 
Industry 
1 2 1 3 2 2 2 13 2 
Land cover 14 16 15 15 9 20 16 105 15 
Rainfall 5 5 5 5 5 2 5 32 4 
Soil type 20 8 18 18 31 20 9 124 18 
Slope 9 15 17 15 19 10 19 104 15 
TOTAL 100 100 100 100 100 100 100 700 100 
Source: Survey Results, 2011. 
 The weights based on “Point Allocation” can also be applied in other methods such as 
“Ranking Method” including rank sum, rank reciprocal, and rank exponent methods since the 
ranking methods only take into account the order of the criterion ranks. According to 
Malczewski (1999), the rank sum, rank reciprocal, and rank exponent methods can be computed 
based on the following formulas: 
1. Rank sum 
Rank sum weights are calculated according to formula below: 
        n – rj + 1 
wj = ---------------- 
        Σ (n – rk + 1) 
 
where wj is the normalized weight for the jth criterion, n is the number of criteria (k = 1, 2, …, 
n), and rj is the rank position of the criterion. Each criterion is weighted (n - rj + 1) and then 
normalized by the sum of all weights; that is, Σ (n – rk + 1). 
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2. Rank reciprocal 
Rank reciprocal weights are obtained from the normalized reciprocal of criterion’s rank with 
the calculation formula: 
          1/rj  
wj = --------- 
        Σ (1/rk) 
 
3. Rank exponent method 
The rank exponent method needs the decision-maker to specify the weight of the most 
important criterion on 0 - 1 scale. This weight is integrated into the formula: 
        (n - rj + 1) 
р
 
wj = ----------------- 
        Σ (n – rk + 1) 
р 
 
For р = 0, the formula assigns equal weight to the evaluation criteria. For р = 1, the method 
results in rank sum weights. As р increases, normalized weights get steeper and steeper 
(Stillwell et al., 1981 in Malczewski, 1999).  
 If the weights based on the Point Allocation method are applied to rank sum, rank 
reciprocal, and rank exponent methods, the results are presented in Table 19. 
Table 19. Weights based on Rank Sum, Rank Reciprocal, and Rank Exponent Methods 
Criterion 
Straight 
Rank 
Rank Sum Rank Reciprocal Rank Exponent 
Weight 
(n-rj+1) 
Normalized 
Weight 
Reciprocal 
Weight 
(1/rj) 
Normalized 
Weight 
Weight 
(n-rj+1)
p 
p = 2 
Normalized 
Weight 
Proximity to 
Road 
1 7 0.23 1.00 0.37 49 0.32 
Proximity to 
Village 
2 6 0.19 0.50 0.19 36 0.23 
Proximity to 
Industry 
6 2 0.06 0.17 0.06 4 0.03 
Land cover 4 4 0.13 0.25 0.09 16 0.10 
Rainfall 5 3 0.10 0.20 0.07 9 0.06 
Soil type 3 5 0.16 0.33 0.12 25 0.16 
Slope 4 4 0.13 0.25 0.09 16 0.10 
TOTAL 31 1.00 2.700 1.00 155 1.00 
Source: Analysis Result, 2012. 
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 If the weights based on Rank Sum, Rank Reciprocal, and Rank Exponent Methods 
(Table 19) are multiplied by 100 and then compared with the weights based on the Point 
Allocation method, the results show that they have different results.  The reason is that the Rank 
Sum, Rank Reciprocal, and Rank Exponent methods take only account of the order of criteria, 
while the Point Allocation method is more detailed and presents the intensity of preferences of 
the stakeholders. According to Malczewski (1999), ranking method is the simplest method for 
assessing the importance of weights. The weights are arranged in rank order, i.e. every criterion 
is ranked in the order of the decision-maker’s preference. 
 Triantaphyllou and Sanchez (1997) in Strager and Rosemberger (2006) stated that in a 
Multi-criteria Decision Analysis (MCDA), the choice of a multi-criteria method is less important 
than the influence of weights on the results of a MCDA. And Malczewski (1999) contended that 
the preference weights applied in a MCDA can greatly influence the results. Based on the 
statements above it is assumed that whatever method applied in determining the weights, it does 
not influence the results significantly, but the preference weights for each criterion will be very 
important in determining the results of MCDA. This is demonstrated in Table 19, which shows 
that the rank order of weights based on the Point Allocation method (Table 18) were not changed 
after being applied to rank sum, rank reciprocal, and rank exponent methods. 
 On the basis of the weights according to the Point Allocation method (Table 18, p. 91), 
the aggregate communities assigned the highest weight percentage to the proximity to road 
criterion, followed by the proximity to village criterion. The third place is the soil type criterion 
followed by the land cover and slope criteria. The lowest weight is held by the proximity to 
industry criterion. Based on the weight of each criterion above, it is concluded that accessibility 
is very important for the local communities to do their farm activity, particularly the proximity to 
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roads, which has the highest weight percentage. According to the aggregate communities, 
available lands for farming around the villages are difficult to find, so they need good 
accessibility such as roads with good quality for finding farm lands in remote areas. Good 
accessibility makes easier to do operational, maintenance, and monitoring activities for the farm.  
 Soil types were also important in selection of locations for tree plantations because 
mostly soil types in the forest production areas are classified as soil with lack of nutrients. This 
happens may be because of high leaching and erosion occurring every year. This is a result of 
high rainfall occurred in certain periods. According to Wolf (1999), rainfall that reaches 20 
inches per year is classified as high rainfall, whereas rainfall in the research areas reaches 78.74 - 
118.11 inch/year (2000 - 3000 mm/year) as presented in Table 8 (p. 38). Additionally, pH of soil 
in the locations is low (3.5 - 5.0), and this condition makes many nutrient elements unavailable 
or even toxic for plants (Wolf, 1999).  
 Land covers and slopes have the same weights. The land cover (vegetation), besides for 
protecting soil toward erosion, can also indicate climate and site productivity. Evans and 
Turnbull (2004) contended that vegetation may provide a useful indicator of climate conditions 
where meteorological stations are sparse. In addition, the presence of vegetation through both 
growth and richness of species may help indicate potential site productivity. On this issue, some 
local communities assess the condition of soil based on vegetation growing on a site. 
Additionally, some of them contended that land covers also determine tree plantation locations 
because they affect the easiness or difficulties in land clearing. Moreover, some of them 
contended that land covers or vegetation on a site (land) has to be taken into account because it 
indicates the ownership of the land. Based on the interviews with the local communities, 76.6% 
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of the community respondents stated that the function of planting trees is for marking land 
ownership.  
 Likewise, slopes were also a consideration of the local communities in selecting tree 
plantation locations. Based on the interviews with the local communities, all respondents (100%) 
considered that slopes affect the selection of tree plantation locations because they influence the 
easiness or difficulties in reaching the locations. In addition, slopes affect other activities such as 
land clearing, tree planting, tending, and harvesting. Dissimilar to slopes, rainfall was thought 
not highly influencing tree plantation locations because rainfall condition is relatively the same 
in all areas due to the fact that rainfall has vast effects. Moreover, all community respondents 
stated that rainfall intensity in the research location is enough for planting trees, so they do not 
have to select certain locations because of different rainfall intensity.  
 The proximity to industries was also considered to not highly influence the tree 
plantation location selection because in marketing forest products, most buyers come to the 
village and even come to the field to make transactions with the farmers. In fact, 81% of the 
community respondents stated that they sell their farm products to the buyers who come to the 
village. 
 Based on characteristic ranks and criterion weights from the aggregate community 
preferences, with a weighted overlay method in ArcGIS facility, the priority classifications of 
suitable land units are displayed in Figure 22. In integrating the attributes (characteristic ranks) 
values with criterion weights to obtain the value of land units, the weighted overlay followed the 
decision rule “Simple Additive Weighting (SAW)” method suggested by Malczewski (1999) 
with a formula: 
Ai = ∑jwjxij* 
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where xij is the score of the ith alternative with respect to the jth attribute, and the weight wj is a 
normalized weight, so that ∑ wj = 1. The weights represent the relative importance of attributes. 
The most preferred alternative is selected by identifying the maximum value of Ai (i = 1, 2, 
.......,m). Triantaphyllou and Lin (1996) in Andalecio (2011) supported the formula proposed by 
Malczewski (1999) with a similar formula: 
                         n 
P* = max         ∑  xij wj 
      M ≥ i ≥ 1   i = 1 
where P* = the priority score best of the choice possibility; xij = the measure of performance of 
the ith choice possibility in terms of the jth criterion, and wj is the weight of importance. The 
total weights for all criteria are normalized so that: 
  n 
  ∑  wj = 1 
j = 1 
 
 The result of the integration is presented in Figure 22. The figure shows that the areas 
that have higher priorities (values) are marked with blue colors and decrease to lower priorities 
with reddish and yellowish colors. The green color indicates the land units are not suitable for 
tree plantations (coal mining areas with a zero value).  
 Furthermore, the values, number of units, areas, and percentage of each priority class 
are described in Table 20. The table shows that the highest value is 30. In this case, the value of 
30 is the maximum value because the highest values of criterion characteristics applied here is 30 
points. This indicates that there are some areas, when overlaid, have the highest value on each 
characteristic, i.e. in the areas consisting of the land cover (scrubs/shrubs), rainfall (2500-3000 
mm/year), the soil type (complex red-yellow podzolic/latosol), and slopes (8-15%). These areas 
consist of 19 land units; with the total area of 4,177.28 ha. These areas occupy 4.31% of the total  
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 Figure 22. Land Suitability Classification by 
Aggregate Community. 
forest production areas. Most these areas are located in and around the roads and villages in the 
segment 30 of Euclidean distance of roads and villages because in the aggregate community 
analysis, proximity to roads and villages has a high percentage of weights (46%). 
 The lowest value in the aggregate community analysis is the value of 19. In this case it 
does not mean that the areas having the lowest value consist of the lowest value of all 
characteristics in the criteria, but rather the lowest value particularly in the aggregate community 
analysis if compared with the value of other areas. As evidences, after cross-checking the map 
(Figure 22), the lowest value occupies the areas with the land cover (tree plantation areas), 
rainfall (2000 - 2500 mm/year), and the soil type (latosol). In addition, the areas with the value of 
19 are located in the segment with value of 24 of Euclidean distance of villages, and the value of 
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29 and 30 of Euclidean distance of roads. The land cover (tree plantation areas) and rainfall 
(2000 - 2500 mm/year) are characteristics that have the lowest values, but the soil type (latosol) 
is the second rank in the soil type criterion. In addition, the areas with the lowest value (the value 
of 19) are located in the first and second segments of road buffers, yet they are not close to the 
villages. 
Table 20. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Aggregate Communities 
Value Number of Land Unit  Area (ha) Percentage (%) 
30 19 4,177 4.31 
29 43 18,430 19.02 
28 68 14,927 15.41 
27 89 15,761 16.27 
26 91 11,092 11.45 
25 100 12,676 13.08 
24 69 7,183 7.41 
23 48 5,086 5.25 
22 24 3,119 3.22 
21 23 1,715 1.77 
20 6 1,789 1.85 
19 5 32 0.03 
0 8 897 0.93 
TOTAL 593 96,884    100.00 
Source: Analysis Result, 2011. 
 In addition, a graphic of land distribution percentage for the aggregate communities is 
described in Figure 23. Based on Table 20 and Figure 23, the values that have a higher percentage 
(> 10%) are the values of 29, 28, 27, 26, and 25. 
 For further analysis, the comparison between the aggregate community preferences and 
the community preferences at each village sample was conducted. The purpose of this analysis is 
to analyze whether or not the community of each village has different preferences in selecting 
locations for tree plantations. In addition, it is important to know the reasons for the communities 
to determine preferences in making decisions for selecting locations for tree plantations. 
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    Figure 23. Distribution of Land Units per Value Class. 
3.1.1.2 Angkipih Village 
 Angkipih village is one of village samples representing the local communities in and 
around the production forest areas. The Angkipih village has an area of 14 km
2
, 235 households, 
and 777 populations. A group of communities that consists of 12 people (235 x 5%) in Angkipih 
village has been interviewed to get information regarding their preference in selecting locations 
for tree plantations. In this case, they were asked to rank characteristics for each criterion and 
weight criteria used in designating the most suitable and profitable locations for tree plantations. 
3.1.1.2.1 Ranks 
 In ranking the characteristics, the local communities were asked to rank the 
characteristics from the highest to the lowest levels starting from 1 to 6 levels, depending on the 
number of characteristics at each criterion. In this point, land covers consist of 6 characteristics 
and rainfall, soil types, and slopes have 2, 4, and 6 characteristics respectively. So, land covers, 
rainfall, soil types, and slopes have 6, 2, 4, and 6 levels of rank respectively. These ranges in 
accordance with ESRI (2011a) explaining that each range must be assigned a single value before 
it can be used in the Weighted Overlay tool. This ranking system is applied to all stakeholders 
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involved either in the community stakeholders or in the non-community stakeholders, which are 
analyzed in the next sections.  
 The results of act of ranking the characteristics in Angkipih and Aggregate 
communities are shown in Table 17 (p. 86). Based on Table 17, from land cover standpoint, the 
communities in Angkipih village gave the first priority to secondary forest lands for tree 
plantation locations, followed by scrub/shrub lands, agricultural lands and bushes, barren 
land/grass lands, agricultural lands, and the last one is tree plantation lands. In opposition, 
aggregate communities gave the first priority to Scrub/shrub lands, followed by secondary forest 
lands, agricultural lands and bushes, barren lands/grass lands, agricultural lands, and tree 
plantation lands. The only difference between the Angkipih community and the aggregate 
communities is that the Angkipih community gave the first priority to secondary forest lands and 
the second priority to scrub/shrub lands for tree plantations, whereas the aggregate communities 
gave the first priority to scrub/shrub lands followed by secondary forest lands. The reasons of the 
Angkipih community in prioritizing the secondary forest lands for tree plantation locations were 
the secondary forest lands are still fertile and available enough around the village. The 
underlying reason is that on the one hand the local communities are unable to buy fertilizers due 
to cost and on the other hand the secondary forest lands are still fertile. Meanwhile, in terms of 
rainfall, soil type, and slope, the Angkipih and the aggregate communities gave the same ranks. 
The reasons have been described in the aggregate communities section. 
 Furthermore, after being ranked the characteristics by the Angkipih community, the 
value on each characteristic was provided. The value starts from 30 points for the highest rank, 
and the value decreases 5 points at each level of ranks, except for the rainfall criterion that has 
only 2 characteristics. In this point, the rainfall criterion has a value of 30 for the higher rank, 
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and a value of 15 for the lower one. The value of 30 is the highest scores in the ArcMap that can 
be divided by the number of ranks, resulting in 5 scores at each level of ranks. This value system 
is applied to all stakeholders involved either as a community stakeholder or as a non-community 
stakeholder, which are analyzed in the next sections. 
3.1.1.2.2 Weights 
 The Angkipih community was also asked to weight the criteria and the results are 
presented in Table 18. Based on Table 18, the Angkipih community assigned the highest 
percentage of weights to proximity to village (31%), followed by proximity to roads (20%), soil 
types (20%), land covers (14%), slopes (9%), and proximity to industries (1%), while the 
aggregate community gave the highest percentage of weights to proximity roads (24%), 
proximity to villages (22%), soil types (18%), land covers and slopes (15%) each, rainfall (5%), 
and proximity to industries (2%). 
 The major difference between the Angkipih and aggregate communities from the 
weight standpoint is that the Angkipih community gave the highest priority to proximity to 
village, while the aggregate communities gave the highest priority to proximity to roads. The 
reason is because the areas in and around the Angkipih village have heavy slopes (25 - 40%). So 
it is difficult to go far away from the village. Moreover, the roads have many swerves and their 
quality is very bad.  
 The characteristic ranks and the criterion weights based on the preference of Angkipih 
community were integrated using the weighted overlay method in ArcGIS, and the results are 
shown in Figure 24.  
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   Figure 24. Land Suitability Classification by 
Angkipih Community. 
 Figure 24 shows the areas having high priorities for tree plantations, i.e. the areas with 
blue colors, and the priorities decrease from the blue to bluish, red, and orange colors according 
to their value. The green color indicates the land units not suitable for tree plantations (coal 
mining areas with a zero value). 
 Based on the map analysis, the number of land units, areas, and percentage of the areas 
according to the values are presented in Table 21. Table 21 shows that there are 11 classes based 
on the values of the land units. The value of 30 is the highest level, whereas the lowest one is the 
value of 20. These two values have very small percentages, i.e. the value of 30 (0.8%) and the 
value of 20 (0.2%) because those values occupy only small areas. 
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Table 21. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Angkipih Community 
Value Number of Land Unit Area (ha) Percentage (%) 
30 3 769 0.79 
29 43 12,153 12.54 
28 67 28,734 29.65 
27 91 19,849 20.48 
26 87 8,216 8.48 
25 63 7,924 8.18 
24 55 6,659 6.87 
23 46 4,996 5.16 
22 39 3,899 4.02 
21 11 2,577 2.66 
20 12 234 0.24 
0 8 905 0.93 
TOTAL 525 96,915 100.00 
 The difference of the Angkipih and aggregate communities in terms of area percentage 
at each value level was described in Figure 25. Table 21 and Figure 25 show that in aggregate 
communities, the value that has the biggest areas (16.81%) is the value of 18. These areas are 
distributed along the roads and the areas with slopes of 08 – 15% because the aggregate 
communities gave the highest weight to proximity to road criterion (24%), compared to 20% by 
the Angkipih community. In addition, the aggregate communities gave a weight 15% to slopes, 
compared to 9% by the Angkipih community. On the other hand, in the Angkipih community 
side, the biggest areas (29.65%) are occupied by the value of 28. These areas are mostly 
scattered around the villages and consist of a combination of soil types (complex red-yellow 
podzolic/latosol and red-yellow podzolic). The cause is the Angkipih community gave the 
highest weight to proximity to village criterion (31%), compared to 24% by the aggregate 
communities. In addition, the Angkipih community gave a weight 20% to the soil type compared 
to 18% by the aggregate communities.  
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 Figure 25. Distribution of Land Units per Value Class by 
Angkipih Community. 
3.1.1.3 Kupang Rejo 
 Another village sample representing the local communities in and around the 
production forest areas is Kupang Rejo village. This village has an area of 5.6 km
2
, 338 
households, and 1,244 inhabitants. A group of communities consisting of 17 people (338 x 5%) 
from this village has been interviewed for information about their preferences in selecting 
locations for tree plantations. In this case, they were also asked to rank characteristics for each 
criterion and weight criteria in designating the most suitable and profitable locations for tree 
plantations. 
3.1.1.3.1 Ranks 
 The result of ranking the characteristics in Kupang Rejo village is presented in Table 17 
(p. 86). Based on Table 17, in rank point of view, the most significant difference between Kupang 
Rejo and aggregate communities is in the land cover criterion. In this point, the community in 
Kupang Rejo village gave the least priority to secondary forests, whereas the aggregate 
community treated them as the second priority. Furthermore, Kupang Rejo community gave the 
second priority to barren/grass lands, whereas the aggregate community judged it as the forth 
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priority. One of the reasons of Kupang Rejo community identified such priorities is that there is 
no secondary forests around the village. Another reason is that the status of the lands, such as 
industrial tree plantation areas, agricultural lands, and agricultural lands with bushes, cannot be 
changed to other uses. So, the possible land to be cultivated as community tree plantation areas 
beside scrub/shrub lands is the barren/grass land, although this land will be very costly to 
cultivate. 
3.1.1.3.2 Weights 
 Kupang Rejo community was also asked to weight the criteria and the results are 
shown in Table 18 (p. 91). Table 18 shows that Kupang Rejo community provided the highest 
percentage of weights to proximity to roads (28%); followed by proximity to villages (26%), 
land covers (16%), slopes (15%), soil types (8%), rainfall (5%), and proximity to industries 
(2%). Likewise, the aggregate community gave also the highest percentage of weights to 
proximity roads (24%), proximity to village (22%). Furthermore, the aggregate community 
weighted soil types (18%), land covers and slopes (15%) each, rainfall (5%), and proximity to 
industries (2%). The most significant difference between Kupang Rejo and aggregate 
communities from the weight point of view is that Kupang Rejo community gave a higher 
weight (28%) to proximity to roads compared to 24% by the aggregate communities. Similarly, 
Kupang Rejo community gave a higher weight to proximity to villages (26%) compared to 22% 
by the aggregate communities. On the other hand, Kupang Rejo community gave a lower weight 
(8%) to soil factor compared to 18% by the aggregate communities. The reasons that Kupang 
Rejo community identified such weights are proximity to roads and proximity to villages, which 
are very important in cultivation, maintenance, and marketing activities. On the other hand, soil 
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was considered to have a lower weight because the condition of the soil is relatively similar 
around the village.  
 After this information was gathered, the characteristic ranks of the criteria and the 
criterion weights based on the preference of Kupang Rejo community were integrated using the 
weighted overlay method in ArcGIS, and the results are presented in Figure 26.  
  
   Figure 26. Land Suitability Classification by 
Kupang Rejo Community. 
 Figure 26 shows that areas that have high priorities for tree plantations, i.e. the areas 
with blue colors, and the priorities decline from the blue to bluish, red, and orange colors 
according to the their value. The green color indicates the land units that are restricted for tree 
plantations. In addition, based on the map analysis, the number of land units, areas, and 
percentage of the areas based on the value levels are presented in Table 22. According to Table 
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22, there are 15 classes based on the value of the land units. The highest value is the value of 30, 
whereas the lowest one is the value of 16. These two values have a very small percentage of 
areas, i.e. the value of 30 (1.66%) and the value of 19 (1.05%).  
Table 22. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Kupang Rejo Community 
Value Number of Land Unit Area (ha) Percentage (%) 
30 16 3,769 3.89 
29 49 14,346 14.81 
28 65 14,182 14.64 
27 76 13,456 13.89 
26 87 7,220 7.45 
25 90 9,295 9.59 
24 99 7,388 7.63 
23 72 8,339 8.61 
22 70 4,476 4.62 
21 40 5,930 6.12 
20 30 2,788 2.88 
19 15 1,860 1.92 
18 3 627 0.65 
17 3 2,054 2.12 
16 6 242 0.25 
0 8 905 0.93 
TOTAL 729 96,875 100.00 
 Additionally, the difference of the Kupang Rejo and the aggregate communities in 
terms of area percentage at each value score was shown in Figure 27. Figure 27 and Table 22 
show that the Kupang Rejo and aggregate communities have the same value (the value of 29) in 
terms of the biggest areas because the two communities gave higher weights to proximity to 
roads and villages. In addition, distribution of the land unit in the two communities is similar. 
The only difference between Kupang Rejo and the aggregate communities is in distribution of 
land units. The distribution of land units based on the aggregate communities is limited by soil 
types because the aggregate communities gave a higher weight percentage (18%) compared to 
the 8% given by the Kupang Rejo community. In addition, the difference between the two 
communities is that the value scores in the Kupang Rejo community start from 16 through 30, 
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while the values in the aggregate community start from 19 through 30. This difference is caused 
by the differences of ranks and weights based on the two communities, which have been 
explained above.  
    
 Figure 27. Distribution of Land Units per Value Class by 
Kupang Rejo Community. 
3.1.1.4 Belimbing Baru 
 Belimbing Baru village is also one of village samples representing the local 
communities in and around the Production Forest areas. Belimbing Baru village has an area of 57 
km
2
, 283 households, and 1,050 residents. A group of communities comprising 14 people (283 x 
5%) in Belimbing Baru village was interviewed to collect information about their preference in 
selecting locations for tree plantations. In this case, they were asked to rank characteristics at 
each criterion and to weight criteria to determine locations for tree plantations. 
3.1.1.4.1 Ranks 
 The results of characteristic ranking according to Belimbing Baru community are 
presented in Table 17. The major differences of the two group communities is that the Belimbing 
Baru community assigned a higher rank (the 4
th
 rank) to industrial tree plantation areas, 
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compared to the 6
th
 rank for the aggregate communities. On the other hand, the aggregate 
communities gave the 4
th
 rank to barren/grass lands, compared to the 6
th
 rank by the Belimbing 
Baru community. Furthermore, in rainfall, soil type, and slope point of view, the Belimbing Baru 
and aggregate communities gave the same ranks. The reasons have been described in the 
aggregate community section. 
 According to Belimbing Baru community, if the local communities are allowed to 
cultivate the abandoned industrial tree plantation areas, the Belimbing Baru community preferred 
the lands for people plantations rather than the barren/grass lands since these lands have been 
cultivated and improved by forest companies. Moreover, the barren/grass lands are not available 
around the village. 
3.1.1.4.2 Weights 
 Belimbing Baru community assigned a weight for each criterion, and the results are 
presented in Table 18 (p. 91). Table 18 shows that Belimbing Baru community assigned the 
highest percentage of weights on proximity to roads (25%), followed by proximity to villages 
(19%), soil types (18%), slopes (9%), land covers (15%), rainfall (5%), and proximity to 
industries (1%); while the aggregate communities gave the highest percentage of weights to 
proximity roads (24%), proximity to village (22%) soil types (18%), land covers and slopes 
(15%) each, rainfall (5%), and proximity to industries (2%). There is no significant difference 
between the Belimbing Baru and the aggregate communities from the weight standpoint. The 
only difference is that the Belimbing Baru community gave a higher percentage (17%) to the 
slope factor, compared to 15% by the aggregate communities. In contrast, the aggregate 
communities assigned a higher percentage (22%) to proximity to villages, compared to 19% by 
the Belimbing Baru community. 
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 The reason that the Belimbing Baru community assigned a higher weight to the slope 
factor was that the slope factor becomes a limitation factor in accessing the lands for agricultural 
activities. Slopes in and around the Belimbing Baru village are relatively extreme (15 - 25%). 
Therefore the availability of road facility will make it easier for them to reach their farming 
lands. Using the weighted overlay method in ArcGIS facilities, the results of integration between 
the characteristic ranks of the criteria and the criterion weights based on the preference of 
Belimbing Baru community are shown in Figure 28.  
  
   Figure 28. Land Suitability Classification by 
Belimbing Baru Community. 
 The figure shows that the areas having high priorities (values) for tree plantations, i.e. 
the areas with blue colors, and the priorities decrease from the blue to bluish, red, and orange 
colors according to the their value. The green color indicates the land units not suitable for tree 
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plantations. Furthermore, on the basis of map analysis, the number of land units, areas, and 
percentage of the areas on the basis of the value of each land unit are presented in Table 23. The 
table shows that there are 11 classes on the basis of the values of land units. The value of 30 is 
the highest value, whereas the lowest one is the value of 20. The highest value consists of 20 
land units in areas of 6,766.14 ha (6.98%). The lowest value encompasses 8 land units in areas of 
1,716.18 ha (1.77%). These two values have relatively small percentages because they have 
small areas based on the result of overlaying all criteria/layers.  
Table 23. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Belimbing Baru Community 
Value Number of Land Unit  Area (ha) Percentage (%) 
30 20 6,766 6.98 
29 51 18,264 18.85 
28 67 15,931 16.44 
27 115 15,785 16.29 
26 115 14,114 14.57 
25 87 8,738 9.02 
24 60 6,258 6.46 
23 33 4,718 4.87 
22 25 1,802 1.86 
21 22 1,886 1.95 
20 8 1,716 1.77 
0 8 902 0.93 
TOTAL 611 96,880 100.00 
 In comparing the Belimbing Baru community with the aggregate communities in terms 
of area percentage at each value score, the graphic below describes their differences as shown in 
Figure 29. Table 23 and Figure 29 show that based on the community preferences in Belimbing 
Baru village, most areas are distributed in the value of 29. These areas mostly follow the roads 
and exist around the villages. Likewise, in the aggregate communities, most areas also follow the 
roads and disperse around the village because the two criteria have higher weights than other 
criteria.  
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 The only difference of the Belimbing Baru and the aggregate communities from the 
distribution of most land units is that the distribution of land units based on the Belimbing Baru 
community is limited by slopes because the community gave a higher weight (17%) compared to 
15% by the aggregate communities. On the other hand, for the aggregate communities, most 
areas are limited by proximity to roads and villages and they gave higher weights to the two 
criteria. 
    
    Figure 29. Distribution of land Units per Value Class by 
Belimbing Baru Community. 
3.1.1.5 Kahelaan 
 Kahelaan village is also one of village samples representing the local communities in 
and around the production forest areas. Kahelaan village has an area of 102.50 km
2
, 767 
households, and 2,792 dwellers. Two community groups encompassing 20 people each (817 x 
5%) in Kahelaan village were interviewed to obtain information about their preferences in 
selecting locations for tree plantations. In this case, they were also asked to rank characteristics 
of each criterion and weight criteria to determine the most suitable and profitable locations for 
tree plantations. 
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3.1.1.5.1 Ranks 
 The Kahelaan community ranked the characteristics of each criterion, and the result is 
shown in Table 17 (p. 86). Based on Table 17, in land cover standpoint, the community in 
Kahelaan village gave the first priority to secondary forest lands for tree plantation locations, 
followed by scrub/shrub lands, agricultural lands and bushes, agricultural lands, barren/grass 
lands, and tree plantation lands. Contrariwise, the aggregate communities gave the first priority 
to scrub/shrub lands, followed by secondary forest lands, agricultural lands and bushes, 
barren/grass lands, agricultural lands, and tree plantation lands. The difference between the 
Kahelaan and aggregate communities is that the Kahelaan community gave the first rank to the 
secondary forest lands, while the aggregate communities put the lands on the second rank. The 
reason is, the secondary forest areas are still available in and around the Kahelaan village.  
 Furthermore, the Kahelaan community put scrub/shrub lands in the second rank, while 
the aggregate communities placed the lands at the first rank. The cause is most village samples 
are surrounded by the scrub/shrub lands. In addition, the Kahelaan community ranked the 
agricultural lands fourth, while the aggregate communities ranked the lands fifth. According to 
the Kahelaan community, because the secondary forest lands are still available, the local 
communities can easily find fertile lands for agriculture.  
3.1.1.5.2 Weights  
 The Kahelaan community weighted the criteria used in the analysis and the results are 
presented in Table 18 (p. 91). Table 18 shows that Kahelaan community assigned the highest 
percentage of weights to proximity to roads (25%), followed by proximity to villages (19%) and 
soil types (18%), land covers and slopes (15%) each, rainfall (5%), and proximity to industries 
(3%), while the aggregate communities gave the highest percentage of weights to proximity 
 114 
 
roads (24%), proximity to village (22%) soil types (18%), land covers and slopes (15%) each, 
rainfall (5%), and proximity to industries (2%). There is no significant difference between the 
Kahelaan and the aggregate communities from the weight standpoint. The only difference is that 
the Kahelaan community gave a higher percentage (25%) to proximity to roads compared to 24% 
by the aggregate communities. On the contrary, the aggregate communities gave a higher 
percentage (22%) to proximity to villages compared to the 19% provided by the Kahelaan 
community. 
 The reason the Kahelaan community assigned a higher weight to the proximity to roads 
was that the Kahelaan village is surrounded by mountainous areas with slopes of 25 - 40%. Even 
the village borders limited production forest areas. In such conditions, road facilities do a great 
deal to support the local communities in farming activities. Here, most the local communities use 
motorcycles that have been modified as off-road vehicles for agriculture activities.  
 By using the weighted overlay method in ArcGIS software, the characteristic ranks of 
the criteria and the criterion weights based on the preference of the Kahelaan community were 
integrated, and the results are presented in Figure 30. Figure 30 shows the areas having high 
priorities (values) for tree plantations, i.e. the areas with blue colors, and the priorities decrease 
from the blue to bluish, red, and orange colors on the basis of their value. The green color 
indicates the land units not suitable for tree plantations (coal mining areas with a zero value).  
 Based on the map analysis, the number of land units, areas, and percentage of the areas 
according to the value of each land unit are presented in Table 24. The table shows that there are 
11 classes based on the values of the land units. The value of 30 is the highest score, whereas the 
lowest one is the value of 20. The highest value consists of 4 land units in areas of 635.13 ha 
(0.66%), while the lowest value encompasses 12 land units in areas of 229.11 ha (0.24%).  
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   Figure 30. Land Suitability Classification by 
Kahelaan Community. 
 
Table 24. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Kahelaan Community 
Value Number of Land Unit  Area (ha) Percentage (%) 
30 4 635 0.66 
29 43 8,652 8.93 
28 66 24,212 24.99 
27 84 20,222 20.87 
26 88 11,653 12.03 
25 93 10,962 11.31 
24 78 9,129 9.42 
23 65 4,236 4.37 
22 24 3,902 4.03 
21 21 2,158 2.23 
20 12 229 0.24 
0 8 900 0.93 
TOTAL 586 96,890 100.00 
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Those two values have a relatively small percentage because they have small areas based on the 
result of overlaying all criteria/layers.  
 Moreover, the difference between the Kahelaan and aggregate communities in terms of 
area percentage at each value is shown in Figure 31.  
    
 Figure 31. Distribution of Land Units per Value Class by 
Kahelaan Community. 
Table 24 and Figure 31 show that on the basis of the community preferences in Kahelaan village, 
most areas are distributed in the value of 28 (24.99%). These areas mostly follow the roads and 
villages particularly in the segment 27 of road and village buffers. Unlike the Kahelaan 
community, most areas based on the aggregate community preferences are distributed in the 
value of 29 (19.02%). This difference is very dependent on the ranks, weights, and the areas of 
each characteristic in the criteria used in this study. 
3.1.1.6 Sumber Baru  
 Sumber Baru is another village sample representing the local communities in and 
around the production forest areas. This village has an area of 14 km
2
, 368 households, and 1,445 
residents. A group of communities that consists of 18 people (368 x 5%) in Sumber Baru village 
was interviewed to gather information related to their preference in selecting locations for tree 
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plantations. In this point, they were asked to rank characteristics at each criterion and weight 
criteria to select the most suitable and profitable locations for tree plantations. 
3.1.1.6.1 Ranks 
 The characteristic ranks based on Sumber Baru community are presented in Table 17 (p. 
87). Based on Table 17, in land cover point of view, Sumber Baru and aggregate communities are 
different from rank composition. In this standpoint, the community in Sumber Baru village gave 
the first rank to scrub/shrub lands followed by agricultural plus bush lands, secondary forest 
areas, barren/grass lands, industrial tree plantation areas, and agricultural lands. Contrariwise, the 
aggregate communities gave also the first rank to scrub/shrub lands, but followed by secondary 
forest lands, agricultural lands and bushes, barren/grass lands, agricultural lands, and tree 
plantation lands.  
 In addition, the Sumber Baru community ranked the agricultural lands plus bushes 
second, while the aggregate communities placed this characteristic at the third rank because 
Sumber Baru village is surrounded with the agricultural lands plus bushes. Furthermore, the 
Sumber Baru community assigned the industrial plantation areas to the fifth rank because these 
areas are close to the Sumber Baru village; meanwhile, the aggregate communities placed them 
as the sixth rank. 
 Additionally, the Sumber Baru community assigned the secondary forest areas to the 
third rank, whereas the aggregate communities deemed them as the second rank. The reason for 
this is the secondary forest areas are far away from Sumber Baru village. The last comparison 
with respect to the land cover is that Sumber Baru community placed the agricultural lands at the 
sixth rank, whereas the aggregate communities put them at the fifth rank. This means that the 
Sumber Baru community does not want to convert the agricultural land for other uses.  
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3.1.1.6.2 Weights  
 The Sumber Baru community weighted the criteria used in the analysis and the results 
are presented in Table 18 (p. 91). According to Table 18, the Sumber Baru community provided 
the highest percentage of weights to soil types (31%), followed by slopes (19%), proximity to 
village (18%), proximity to roads (16%), land covers (9%), rainfall (5%), and proximity to 
industries (2%), while the aggregate communities gave the highest percentage of weights to 
proximity roads (24%), proximity to village (22%) soil types (18%), land covers and slopes 
(15%) each, rainfall (5%), and proximity to industries (2%).  
 Table 18 shows that all the criteria are different based on the references of the Sumber 
Baru and the aggregate communities except the proximity to industry criterion. In this case, the 
Sumber Baru community judged that soil factor to be the highest weight (31%) in designating a 
tree plantation location. They said that they have to find out good soil first and then think about 
accessibility because fertile soil is very important for the local communities in agricultural 
activities. Most soil in the production forest areas is poor, so it needs some input for 
improvement, such as fertilizers. But the problem is the local communities are unable to buy 
fertilizers due to cost. So they have to make an effort to find good soil first. 
 Further, the community in the Sumber Baru village placed the slope factor at the 
second highest weight (19%). According to the Sumber Baru community, slopes are very 
important in reaching and managing the agricultural lands. Furthermore, the Sumber Baru 
community assigned the proximity to villages to the next higher weight (18%) in designating a 
tree plantation location. They placed this factor weight higher than the weight to proximity to 
roads because they can go to their agricultural land directly from the village using a motorcycle. 
This is the case because the Sumber Baru village is one of the transmigration villages in and 
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around the production forest areas. This means that this village has been built by the government 
as the location for transmigrants from the populous city. In such situations, the village has a good 
environment, including slopes, soil types, and infrastructure. Therefore, they can go to their farm 
lands without using a road facility. 
 After integrating the characteristic ranks of the criteria and the criterion weights on the 
basis of the preferences of the Sumber Baru community through the weighted overlay system in 
Arc GIS, the results are shown in Figure 32.  
    
   Figure 32. Land Suitability Classification by 
Sumber Baru Community. 
 The figure shows the areas that have a high priority level for tree plantations, i.e. the 
areas with blue colors, and the priorities decrease from the blue to bluish, red, and orange colors 
according to the their value. The green color indicates the land units not suitable for tree 
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plantations. Furthermore, based on the map analysis, the number of land units, areas, and 
percentage of the areas according to the values are presented in Table 25. Table 25 shows that 
there are 13 classes based on the values of the land units. The value of 30 is the highest value, 
whereas the lowest one is the value of 18. The highest value consists of 21 land units in the areas 
of 571.30 ha (5.90%). The lowest value encompasses 2 land units in the areas of 37.03 ha 
(0.04%). These two values have a very small percentage because they have very small areas 
based on the result of overlaying all criteria/layers. Further, the number of land units, areas, and 
percentage of the areas based on the value levels in the Sumber Baru community are presented in 
Table 25. 
Table 25. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Sumber Baru Community 
Value Number of Land Unit  Area (ha) Percentage (%) 
30 21 5,713 5.90 
29 24 27,566 28.45 
28 55 11,677 12.05 
27 78 11,720 12.10 
26 70 7,317 7.55 
25 65 8,650 8.93 
24 65 8,659 8.94 
23 55 6,666 6.88 
22 26 3,355 3.46 
21 17 1,089 1.12 
20 24 2,073 2.14 
19 5 1,458 1.50 
18 2 37 0.04 
0 8 907 0.94 
TOTAL 515 96,887 100.00 
 
 In the comparison of the Sumber Baru community with the aggregate communities in 
terms of area percentage at each value score, the graphic below, Figure 33, describes their 
differences.  
 121 
 
    
    Figure 33. Distribution of land Units per Value Class by 
Sumber Baru Community. 
 Table 25 and Figure 33 show that based on the community preferences in the Sumber 
Baru village, most areas are distributed in the value of 29 (28.45%). These areas consist of 24 
land units in the areas of 27,566.35 ha. Most these areas scatter in the soil type (complex red-
yellow-latosol), slopes (8 – 15%), and follow the distribution of villages. This is the case because 
the Sumber Baru community assigned the highest weight to the soil type and the highest rank to 
the complex red-yellow-latosol, followed by slopes particularly at the slopes of 8 – 15% and 
proximity to villages in selecting tree plantation locations, while the aggregate communities 
assigned weight 18% to the soil type and 15% to slope criteria.  
3.1.1.7 Alimukim 
 Alimukim village is another village sample demonstrating the local communities’ 
views on forest plantations in and around the production forest areas. Alimukim village has an 
area of 59.65 km
2
, 164 households, and 643 occupants. A group of communities that consists of 
16 people (164 x 10%) in the Alimukim village was interviewed to gather information 
concerning their preferences in selecting locations for tree plantations. They were also asked to 
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rank the characteristics of each criterion and weight the criteria to designate the most suitable 
and profitable locations for tree plantations. 
3.1.1.7.1 Ranks 
 The characteristic ranking results according to the Alimukim community are shown in 
Table 17 (p. 86). Based on Table 17, the Alimukim and aggregate communities are different in 
two factors: land covers and slopes. In terms of land cover, the Alimukim community placed 
industrial tree plantation areas at the fifth rank, while the aggregate communities assigned them 
to the sixth one because Alimukim village is located in industrial tree plantation areas. So, if the 
local communities are allowed to cultivate the industrial tree plantation areas as People’s 
Plantations, the communities prefer those lands rather than the agricultural lands. The reason is 
that their village is located in the industrial tree plantation areas, and they did not want to use the 
agricultural land for other things.  
 In the slope factor, the Alimukim community contended that the flatter the areas, the 
better to cultivate for tree plantations. Therefore, they chose slopes (0 - 2%) as the first rank, 
whereas the aggregate communities chose the slopes (8 - 15%) as the first rank. 
3.1.1.7.2 Weights 
 The Alimukim community was also asked to weight the criteria, and the results are 
shown in Table 18 (p. 91). According to Table 18, in selecting locations for tree plantations, the 
Alimukim community assigned the highest weight to proximity to roads and villages with the 
percentage of 23%, followed by land cover and soil factors with the percentage of 20%. The next 
factor with a lower weight is slopes (10%) and the lowest one is proximity to industries (2%), 
whereas the aggregate communities gave the highest percentage of weights to proximity roads 
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(24%), proximity to villages (22%) soil types (18%), land covers and slopes (15%) each, rainfall 
(5%), and proximity to industries (2%).  
 Based on data above, the significant difference between the Alimukim and aggregate 
communities is that the Alimukim community gave a higher weight to the land cover factor 
(20%) compared to 15% by the aggregate communities, and 20% to the soil factor compared to 
18% by the aggregate communities. On the other hand, the aggregate communities gave a higher 
weight to the rainfall factor (5%) compared to 2 % by the Alimukim community, and the slope 
factor (15%) compared to 10% by the Alimukim community.  
 According to the Alimukim community, the land cover factor is an important indicator 
for determining soil fertility. The soil covered with scrubs or trees is mostly fertile because 
leaching in this location is relatively small, and the soil under the scrubs and trees are loose, so 
that it can easily be cultivated for tree plantations. Therefore, the Alimukim community gave a 
higher weight to the soil factor. In addition, the Alimukim community gave a lower weight to the 
slope factor because Alimukim village is surrounded with low to moderate slopes (2-8%, and 8-
15%).  
 The characteristic ranks of the criteria and the criterion weights based on the preference 
of the Alimukim community were integrated using the overlay method in ArcGIS, and the results 
are presented in Figure 34. Figure 34 shows the areas that have high priority levels for tree 
plantations, i.e. the areas with blue colors, and the priority levels decline from the blue to bluish, 
red, and orange colors on the basis of their value. The green color indicates the land units are not 
suitable for tree plantations. 
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   Figure 34. Land Suitability Classification by 
Alimukim Community. 
 In addition, based on the map analysis, the number of land units, areas, and percentage 
of the areas according to the values of each land unit are shown in Table 26. The table shows that 
there are 11 classes based on the values of the land units. The value of 29 is the highest scores, 
whereas the lowest one has 19 scores. The highest value consists of 19 land units in the areas of 
4,705.95 ha (4.86%), whereas the lowest one encompasses 2 land units in the areas of 45.79 ha 
(0.05%). In particular, the lowest value has a very small percentage because they have very small 
areas based on the result of overlaying all criteria/layers. The number of land units, areas, and 
percentage of the areas based on the value levels in the Alimukim community can be seen in 
Table 26. 
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Table 26. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Alimukim Community 
Value Number of Land Unit  Area (ha) Percentage (%) 
29 19 4,706 4.86 
28 56 20,664 21.32 
27 85 12,563 12.96 
26 81 20,626 21.28 
25 107 11,080 11.43 
24 79 12,891 13.30 
23 50 5,232 5.40 
22 33 5,017 5.18 
21 23 3,160 3.26 
20 5 32 0.03 
19 2 46 0.05 
0 8 897 0.93 
TOTAL 548 96,914 100.00 
 
 The Alimukim community is different from the aggregate communities in terms of area 
percentage for each value class/score as shown in Figure 35. Table 26 and Figure 35 show that 
based on the community preferences in Alimukim village, most areas are distributed in the value 
of 28, which accounts for 56 land units in the areas of 20,664.33 ha (21.32%). Another value that 
has a higher percentage is the value of 26, which accounts for 81 land units in the areas of 
20,625.92 ha (21.28%). Most of these areas are scattered in the land covers (shrub/scrub, 
secondary forest areas, and agricultural land and bushes). In addition, these areas are located in 
the soil types (complex red-yellow-latosol, latosol , and red-yellow podzolic) and  flatter slopes; 
that is slopes (2 - 8% and 8 - 15%). The distribution of the land values as a result of ranking and 
weighting from the Alimukim community is shown in Figure 35. 
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    Figure 35. Distribution of land Units per Value Class by 
Alimukim Community. 
3.1.1.8 Peramasan Bawah 
 Peramasan Bawah village is the last village sample representing the local communities 
in and around the production forest areas. Peramasan Bawah village has an area of 102.50 km
2
, 
456 households, and 1,620 inhabitants. A group of communities encompassing 23 people (456 x 
5%) in Peramasan village was interviewed to acquire information pertaining to their preference 
in selecting locations for tree plantations. In this circumstance, they were asked to rank 
characteristics of each criterion and weight the criteria in selecting the most suitable and 
profitable locations for tree plantations. 
3.1.1.8.1 Ranks 
 The results of characteristic ranking according to the Peramasan Bawah community are 
shown in Table 17 (p. 86). According to Table 17, the Peramasan Bawah and the aggregate 
communities are different in two factors: land covers and slopes. In the land cover factor, the 
Peramasan Bawah community placed secondary forest areas at the fifth rank in selecting tree 
plantation locations, while the aggregate communities put them at the second one because 
Peramasan Bawah village is located in the secondary forest areas.  
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 In slope point of view, the Peramasan Bawah community assigned the slopes (15 - 25% 
and 25 - 40%) to the second and the third ranks respectively, while the aggregate communities 
placed them at the third and the fourth ranks respectively. On the other hand, the Peramasan 
Bawah community deliberated the slopes of 2 - 5% as the fourth rank, but the aggregate 
communities placed them at the second rank. The reason is that the Peramasan Bawah 
community stated that it is very difficult to find lands with a small percentage of slopes. This can 
be proved when the village map is overlaid with the slope map, and the result showed that the 
Peramasan Bawah village is situated in the slopes of 25 - 40%. Therefore, the Peramasan Bawah 
community tended to select a higher percentage of slopes for tree plantation locations.  
3.1.1.8.2 Weights  
 The results of criterion weighting on the basis of the preferences of the Peramasan 
Bawah community are presented in Table 18 (p. 91). According to Table 18, the highest weight 
for the Peramasan community in selecting locations for tree plantations is proximity to roads 
(33%) compared to 24% by the aggregate communities, followed by the slope factor (19%) 
compared to 15% by the aggregate communities, proximity to villages and land covers with the 
percentage of 16% each compared to 22% and 15% respectively by the aggregate communities. 
The next lower weight is the soil factor (9%) compared to 18% by the aggregate communities. In 
the rainfall and proximity to industry criteria, both groups of communities provided the same 
weight percentage. 
 Based on data above, the significant difference between the Peramasan Bawah and 
aggregate communities is the Peramasan Bawah community gave a higher weight to land 
proximity to roads. According to them, there is no more arable land around the village, so 
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proximity to roads is important. In addition, they also focus on slopes because slopes in and 
around the village are relatively extreme (25 - 40%).  
 After integrating the characteristic ranks of the criteria and the criterion weights on the 
basis of the preferences of the Peramasan Bawah community through the weighted overlay 
method in ArcGIS, the results are shown in Figure 36.  
  
   Figure 36. Land Suitability Classification by Peramasan 
Bawah Community. 
Figure 36 shows the areas having high priority levels for tree plantations, i.e. the areas with blue 
colors, and the priority levels drop from the blue to bluish, red, and orange colors according to 
the their value. The green color indicates the land units not suitable for tree plantations. Based on 
the map analysis, the number of land units, areas, and percentage of the areas according to the 
values are presented in Table 27. The table shows that there are 13 classes based on the values of 
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the land units. The value 30 is the highest score, whereas the lowest value is 18 scores. The 
highest value consists of 4 land units in the areas of 788.68 ha (0.81%), whereas the lowest one 
encompasses 2 land units in the areas of 10.58 ha (0.01%). The two values have very small areas 
based on the result of overlaying all criteria/layers.  
 Further, the number of land units, areas, and percentage of the areas based on the value 
levels in the Peramasan Bawah community can be seen in Table 27. 
Table 27. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels in 
Peramasan Bawah Community 
Value Number of Land Unit  Area (ha) Percentage (%) 
30 4 789 0.81 
29 41 10,237 10.56 
28 93 25,575 26.39 
27 101 20,898 21.57 
26 83 7,738 7.99 
25 90 8,656 8.93 
24 85 9,170 9.46 
23 46 5,055 5.22 
22 31 2,770 2.86 
21 22 2,853 2.94 
20 12 1,900 1.96 
19 7 327 0.34 
18 2 11 0.01 
0 7 919 0.95 
TOTAL 624 96,898 100.00 
 
 In addition, the differences between the Peramasan Bawah community and the 
aggregate communities in terms of area percentage at each value class/score are shown in Figure 
37. Table 27 and Figure 37 show that according to the community preference in Peramasan 
Bawah village, most areas are distributed in the areas with the value of 28. These areas consist of 
93 land units with the total areas of 25,575.03 ha (26.39%). Most of these areas close to the roads 
particularly in the range of the value of 28, have slopes (8-15%, 15-25%, and 25-40%), and land 
covers (secondary forest areas and shrub/scrub lands). 
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    Figure 37. Distribution of land Units per Value Class by 
Peramasan Bawah Community. 
3.1.2 Non-community Stakeholders 
3.1.2.1 Aggregate Non-community Stakeholders 
 In this study, aggregate community and aggregate non-community stakeholders were 
compared with the aim of getting information about a selection of locations for tree plantations 
from different perspectives. The aggregate non-community stakeholders indicated here are the 
government, scientists, and NGOs. So, ranks and weights applied in the non-community 
stakeholders are the integration of ranks and weights from these three stakeholders. Further, 
these aggregate non-community stakeholders that were shortened as the non-community 
stakeholder were compared with the aggregate community stakeholders that were shortened as 
the community stakeholder. In the following section, the differences between the non-
community and community stakeholders were discussed. 
3.1.2.1.1 Ranks 
 Ranks for the non-community stakeholders were obtained from totaling all ranks of 
each criterion characteristic from the three stakeholders. Afterwards, each rank from all the 
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stakeholders was re-ranked starting from the smallest number to the biggest one, called new 
ranks. The smallest number is the first rank; the bigger number is the second rank, and so forth. 
This system was applied because according to Keller (2005), ordinal data cannot be used in the 
arithmetic mean method. The result of re-ranking the ranks and the values of the ranks based on 
the community and non-community stakeholder preferences is presented in Table 28.  
Table 28. Ranks and Values by Non-community and Community Stakeholders 
Non-community Stakeholder 
Community 
Stakeholder 
Criterion Characteristic NGO Scientist Government Total 
New 
Rank 
Value Rank Value 
Land 
cover/ 
land 
use 
Secondary 
forest land 
1 1 1 3 1 30 2 25 
Industrial tree 
plantation area 
2 4 2 8 2 25 6 5 
Agriculture 
Land 
6 6 5 17 6 5 5 10 
Agriculture 
Land and Bush 
3 3 4 10 4 15 3 20 
Scrub/shrub 4 2 3 9 3 20 1 30 
Barren/grass  
Land 
5 5 6 16 5 10 4 15 
Coal mining 
Areas 
0 0 0 0 0 0 0 0 
Rainfall 
2500 – 3000 
mm/year 
1 1 1 3 1 30 1 30 
2000 – 2500 
mm/year 
2 2 2 6 2 15 2 15 
Soil 
type 
Latosol 2 2 3 7 2 25 2 25 
Complex red-
yellow podzolic 
(latosol) 
1 1 1 3 1 30 1 30 
Red-yellow 
podzolic 
3 3 2 8 3 20 3 20 
Complex red-
yellow podzolic 
(lateritic) 
4 4 4 12 4 15 4 15 
Slope 
00 – 02% 5 2 4 11 4 15 5 10 
02 – 08% 3 1 2 6 2 25 2 25 
08 – 15% 1 3 1 5 1 30 1 30 
15 – 25% 2 4 3 9 3 20 3 20 
25 – 40% 4 5 5 14 5 10 4 15 
> 40% 6 6 6 18 6 5 6 5 
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 Based on Table 28, the non-community and community stakeholders differ in two 
criteria/factors: land covers and slopes. In terms of land cover, the non-community stakeholder 
placed secondary forest areas at the first rank for tree plantation locations, while the community 
stakeholders assigned them to the second one. The reasons are, firstly, the non-community 
stakeholders (the NGOs) want the local communities to be given rights to cultivate the secondary 
forest areas instead of the forest companies. Secondly, the non-community stakeholders (the 
scientists) contended that the secondary forest areas are still fertile, so that they are good for 
planting trees. Thirdly, the non-community stakeholder (the government) wants the secondary 
forest areas to be returned to earlier conditions, i.e. forests. On the other hand, the community 
stakeholders contended that they are not sure about the status of the lands and trees planted in the 
secondary forest areas, so they are reluctant to grow any plant species in the areas. Yet the local 
communities in the villages close to the forest areas (the Kahelaan community) still treat them as 
favorite lands for tree plantations because the areas still have good condition in terms of fertility 
and ease of cultivation. 
 In addition, the non-community stakeholders (NGOs) assigned industrial tree plantation 
areas as the second rank for people plantation areas because, firstly, the areas have been 
abandoned by forest companies after the government halted cheap funding to the company. 
Secondly, the non-community stakeholder (the government) has designated the tree plantation 
areas for tree plantations, so they believe it is better to plant any tree species in the areas. On the 
other hand, the community stakeholders assigned the tree plantation areas to the sixth (last) rank 
because they are still doubtful about the status of the lands and trees planted in the areas in the 
future.  
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 Furthermore, the non-community stakeholders placed the shrub/scrub lands in the third 
rank, whereas the community stakeholders assigned them to the first one. The reasons the 
community stakeholders placed the shrub/scrub lands at the first rank for tree plantation 
locations are, firstly, they are dominant vegetation in and around the villages. Secondly, in terms 
of status, the local communities assumed that they can cultivate the lands without banning from 
the government. Thirdly, in terms of fertility, the lands are fertile enough for tree plantations 
because they have been left by the communities for years so that the fertility of soil has 
increased. This is indicated by vegetation growing on the land that has led to further succession 
(shrubs/scrubs) and finally to forest vegetation (trees). According to the Ministry of Forestry of 
Indonesia (1990), shrubs/scrubs are vegetation that cannot produce commercial wood. The 
existence of the vegetation is temporary, and they will be replaced by trees after a succession 
process.  
 In addition, the community stakeholders assigned the secondary forest areas to the 
second rank for tree plantation locations. Although many local communities are doubtful about 
the status of the lands, the local communities living in and around the forest areas still prioritize 
these lands for tree plantations. As mentioned above, the lands are still fertile and easy to 
cultivate. These lands are placed at the first rank by the non-community stakeholders. 
 Additionally, agricultural lands plus bushes are placed by the community stakeholders 
at the third rank. The community stakeholders assumed that the status of the lands is clear since 
they have cultivated them before. In terms of fertility, the lands are good enough for a tree 
plantation because they have been left for several years to recover from leaching and nutrient 
depletion. Meanwhile the non-community stakeholders assigned the lands to a lower rank (the 
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fourth rank) because they hope the local communities still continue to use the lands as 
agricultural lands.  
 For barren/grass lands, the community stakeholders placed them at the fourth rank. 
Although these lands are difficult to cultivate because they have compact structure and need 
expensive input, they are still possible to cultivate when compared to agricultural lands and 
industrial plantation areas. The local communities did not want to use their agricultural lands for 
other purposes because they use the lands for their daily needs and for cash. Particularly for the 
industrial plantation areas, the community stakeholders have a problem with the land status. 
 In terms of slope, the non-community stakeholders assigned slopes of 8-15% to the first 
rank for tree plantation locations. Likewise, the community stakeholders also put these slopes at 
the first rank. According to the non-community stakeholders, the slopes of 8 - 15% are ideal for 
tree plantations. And the community stakeholders contended that the slopes of 8 - 15% mostly 
exist in and around their village. In addition, the non-community and community stakeholders 
assigned the slopes of 2 - 8% to the second rank. According to the non-community stakeholders, 
the smaller the slopes, the better for the farmers to plant any species, particularly crop species. 
This agrees with Malczewski (1999) stating that the steeper the slope, the higher possibility of 
soil washouts and landslides. But, the community stakeholders stated that the slopes of 2 - 8% 
are difficult to find because they are not available in many villages. Those are the reasons the 
slopes of 2 - 8% were placed at the second rank. Furthermore, the slopes of 15 - 25% were 
placed at the third rank by the two groups of stakeholders. The non-community stakeholders 
contended that the slopes of 15 - 25% are the maximum limit of slopes for planting trees. 
According to the Ministry of Forestry of Indonesia (2001b) through the Decree of Ministry of 
Forestry of Indonesia, No.10.1/Kpts-II/2000 (article 3, clause 3) and the Decree of Ministry of 
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Forestry No.21/Kpts-II/2001, industrial tree plantations should be established in the lands with 
the slope of ≤ 25%. 
 In addition, the non-community stakeholders placed the slopes of 0 - 2% at the fourth 
rank for tree plantation locations because these slopes are ideal for agricultural crops. The 
community stakeholders placed these slopes at the fifth rank because they have very small area. 
Furthermore, the non-community stakeholders assigned the slopes of 25 - 40% to the fifth rank, 
while the community stakeholders assigned them to the fourth rank. The reasons are that the non-
community stakeholders considered the slopes to be difficult to cultivate, and they will get much 
leaching and erosion when they are opened through land clearing, whereas the community 
stakeholders contended that the slopes of 25 - 40% still have higher possibility for cultivation 
than the slopes of 0 - 2%. And finally, the two groups of communities assigned the areas at > 
40% slope to the last (sixth) rank because these slopes have much risk if they are cultivated.  
 However, one of scientists (a conservationist) stated that the areas at > 40% slope 
should be prioritized for tree plantation locations. The reason is, those areas/lands are very 
sensitive to leaching and erosion so they should be planted with trees as soon as possible to 
protect the lands from leaching and erosion. This statement is appropriate if tree plantations are 
for conservation. But if the tree plantation is for production, fertile lands should be prioritized for 
tree plantations. This phenomenon is interesting, showing that different stakeholders provided 
different preferences because they have different backgrounds and expertise, and this is one of 
the objectives of this study. This conservationist’s ideas accord with the preference of Ekanayake 
and Dayawansa (2003) prioritizing the lands with slopes of 30% to 60% and no perennial 
vegetation for a production forest because the lower slopes are suitable for agricultural crops. 
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3.1.2.1.2 Weights  
 Weights of criteria on the basis of the non-community stakeholders’ preferences were 
obtained from the total of weight of each stakeholder per criterion/factor, called new weights. 
Further, in obtaining the new weights (integrated weight); the total weight from each stakeholder 
was divided by the number of stakeholders. This process followed the formula of the arithmetic 
mean method. This method was also used for weighting the criteria on the basis of the aggregate 
community preferences. In addition, the criterion weight from each stakeholder was the mean 
(average) weight from all respondents in one group of stakeholders, i.e. the government, 
scientists, and NGOs. 
 In detail, the result of integrating the weights based on the non-community stakeholders 
and the weights based on the community stakeholders are shown in Table 29.  
Table 29. Criterion Weights by Non-community and Aggregate Community Stakeholders 
Criterion 
Non-community Stakeholder Weights by 
Community 
Stakeholder 
NGO Scientist Government TOTAL New Weight 
Proximity to 
Road 
16 18 18 52 17 24 
Proximity to 
Village 
36 27 20 83 28 22 
Proximity to 
Industry 
7 6 11 24 8 2 
Land cover 7 13 15 31 12 15 
Rainfall 8 7 11 26 9 5 
Soil type 19 14 13 46 15 18 
Slope 7 15 12 34 11 15 
TOTAL 100 100 100 300 100 100 
Based on Table 29, the non-community and community stakeholders are different in several 
criteria in assigning a weight. From the highest weight to the lowest one, the non-community 
stakeholders weighted proximity to villages (28%), proximity to roads (17%), soil types (15%), 
land covers (12%), slopes (11%), rainfall (9%), and proximity to industries (8%), whereas the 
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aggregate community stakeholders weighted proximity to roads (24%), proximity to villages 
(22%), soil types (18%), land covers (15%), slopes (15%), rainfall (5%), and proximity to 
industries (2%). 
 On the basis of the weight comparison in Table 29, the non-community stakeholders 
assigned a higher weight to proximity to villages. They thought that most communities go to 
their agricultural land by walking. But in reality, most of the local communities go to the 
agricultural lands on motorcycles that have been modified for field conditions. Based on 
interviews with the local communities, of the total (124) respondents, 88 respondents (71%) 
stated that they go to the fields by motorcycle, and 72 respondents (58.1%) go to the field by 
walking. 
 Furthermore, according to the community stakeholders, proximity to villages is a less 
important factor than proximity to roads in selecting locations for tree plantations since the farm 
locations have been too far from the villages. Consequently, most local communities use roads to 
go to the farm lands, and therefore, the distance of farm locations to roads has a more important 
role in determining tree plantation locations. As a result, the community stakeholders assigned 
the highest weight to the proximity to roads. This statement is based on interviews with the local 
communities showing that 108 respondents (87.1%) of 124 respondents stated that the distance 
between the road and their farm location is ≤ 1 km, and 11 respondents (8.9%) said that the 
distance between the road and the farm land is > 1 - 2 km. And in terms of the distance between 
the residence and the farm location, 57 respondents (46%) assumed the distance was ≤ 1 km and 
58 respondents (46.8%) considered it to be > 1 - 2 km. 
 In addition, the non-community stakeholders contended that proximity to industries 
affect the local communities in selecting locations for tree plantations. In reality, the local 
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communities did not think that the proximity to industries has a high percentage of weight. 
Again, this is related to two reasons. First, transportation costs from any places in a village to an 
industry are relatively the same. Second, the local traders come to the village and even come to 
the farms to make a transaction with the local communities. Based on the interviews with the 
local communities, of 124 respondents, 102 respondents (82.3%) stated that they sell their 
products to the buyers coming to the village, 27 respondents (21.8%) sell their products to the 
market and only 1 respondent (0.8%) sells the products to the industry. 
 Next, the non-community stakeholders thought that the rainfall factor has a significant 
effect on the local community preferences in selecting locations for tree plantations. In this case, 
the non-community stakeholders considered the effect of rainfall on the tree growth in general, 
but in this study, the effect of the rainfall focuses on whether or not the rainfall quantity and 
quality is different from a location to other locations in a village. On the basis of the community 
stakeholders’ preference; the effect of the rainfall in selecting locations for tree plantations is 
relatively small. Based on the interviews with the local communities, all respondents stated that 
rainfall in the villages is considered to be enough for planting trees. So they do not have to seek 
new locations because of different rainfall. 
 After integrating the characteristic ranks of the criteria and the criterion weights based 
on the non-community stakeholder preferences using the weighted overlay method in the 
ArcGIS, the result is presented in Figure 38. Figure 38 shows the areas that have high priority 
levels for tree plantations, i.e. the areas with blue colors, and the priority levels decrease from the 
blue to bluish, red, and orange colors according to the their value. The green color indicates the 
land units not suitable for tree plantations because they are being exploited by a coal mining 
company (coal mining areas with a zero value). 
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   Figure 38. Land Suitability Classification by 
      Non-Community Stakeholder. 
On the basis of the map analysis, the number of land units, areas, and the percentage of the areas 
according to the value of each land unit are presented in Table 30.   
Table 30. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels by 
Non-Community Stakeholders 
Value Number of Land Unit  Area (ha) Percentage (%) 
29 5 1,323 1.37 
28 35 5,170 5.33 
27 84 19,162 19.77 
26 105 25,922 26.75 
25 116 18,984 19.59 
24 90 12,592 12.99 
23 76 5,947 6.14 
22 35 3,335 3.44 
21 18 3,320 3.43 
20 11 248 0.26 
0 8 905 0.93 
TOTAL 583 96,908 100.00 
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Table 30 shows that there are 10 classes based on the values of the land units. The value of 29 is 
the highest score, whereas the value of 20 is the lowest one. The highest value consists of 5 land 
units in the areas of 1,323.16 ha (1.37%), whereas the lowest one occupies 11 land units in the 
areas of 248.41 ha (0.26%). The lowest value has very small areas based on the result of 
overlaying all criteria/layers. 
 Finally, the difference between the non-community and community stakeholders in the 
area percentage at each value class/score is shown in Figure 39. Table 30 and Figure 39 show that 
based on the non-community stakeholder preferences, most areas disperse in the values of 26, 
27, 25, and 24 on a descending size. The value of 26 consists of 105 land units in the area of 
25,922.21 ha (26.75%), the value of 27 occupies 84 land units in the area of 19,162.29 ha 
(19.77%), the value of 25 encompasses 116 land units in the area of 18,984.14 ha (19.59%), and 
the value of 24 consists of 90 land units in the area of 12,591.71 ha (12.99%). Most these areas 
widely vary in the first, second, third, and even in the fourth ranks of the criterion characteristics. 
    
 Figure 39. Distribution of Land Units per Value Class by  
Non-community and Aggregate Community  
Stakeholders. 
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 According to Table 30 and Figure 39, the major difference between the non-community 
and community stakeholders in ranking the characteristics for each criterion and weighting the 
criteria in selecting locations for tree plantations is that according to the non-community 
stakeholders’ preference, most areas are scattered in the values of 26 and 27, while on the basis 
of the community stakeholders’ preference, most areas disperse in the values of 27 - 29. From 
this standpoint, the areas based on the non-community stakeholders’ preference exist more in the 
lower values than the values according to the community stakeholders. This is because the areas 
of criterion characteristics that are given higher ranks by the non-community stakeholder have 
small areas. On the other hand, based on the community stakeholders’ preference, the areas of 
criterion characteristics that are given higher ranks have big areas. The underlying reason is that 
the community stakeholders gave ranks to the criterion characteristics and weights to the criteria 
on the basis of condition and situation in and around their village, especially the availability of 
lands, while the non-community stakeholders mostly based the views on sciences, regulations, 
and their experience in the field.  
 Additionally, Table 30 and Figure 39 show that the areas of the value of 26 based on the 
non-community stakeholders’ preference have an extremely higher percentage if compared with 
other values. This value is contributed by the characteristic of criteria with big areas, namely the 
soil type (complex red-yellow podzolic/latosol), land cover (scrubs/bushes), slopes (8 - 15%), 
and rainfall (2,500 - 3,000 mm/year).  
 If the difference of land unit areas according to values on the basis of the non-
community and community stakeholders’ preferences are statistically tested with a Student’s t-
test at a significant level of 5%, the land units that have higher values (values of 30, 29, 28, 27, 
26, and 25) are significantly different from the land unit areas that have lower values (values of 
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24, 23, 22, and 20). The Student’s t-test shows that probability values of the values of 30, 29, 28, 
27, 26, 25, and 24 are less than 0.05, while the probability values of the values of 23, 22, 21, and 
20 are greater than 0.05. The results of the Student’s t-test are described in Table 31. 
Table 31. The Difference of Community and Non-community Stakeholders in terms of the Size of 
Land Unit Areas according to Value Levels 
Value 
Community Stakeholder 
Non-community 
Stakeholder 
Probability  
Value 
AK KR BB KH SB AM PB Gov. Sci. NGO 
30      0.79      3.89     6.98 0.66     5.90      4.86      0.81      0.90      0.22      0.01 0.02 
29 12.54 14.81 18.85 8.93 28.45 21.32 10.56      2,72      1.45      1.46 0.00 
28 29.65 14.64 16.44 24.99 12.05 12.96 26.39 11.37 10.50 11.02 0.02 
27 20.48 13.89 16.29 20.87 12.10 21.28 21.57 24.26 25.22 29.14 0.01 
26      8.48      7.45 14.57 12.03     7.55 11.43      7.99 24.09 28.96 20.26 0.02 
25      8.18      9.59     9.02 11.31     8.93 13.30      8.93 13.99 17.02 12.95 0.04 
24      6.87      7.63     6.46      9.42     8.94      5.49      9.46      9.99      6.39 10.45 0.46 
23      5.16      8.61     4.87      4.37     6.88      5.18      5.22      5.56      4.52      8.69 0.74 
22      4.02      4.62     1.86      4.03     3.46      3.26      2.86      2.53      2.98      2.77 0.10 
21      2.66      6.12     1.95      2.23     1.12      0.03      2.94      3.03      1.78      2.28 0.93 
20      0.24      2.88     1.77      0.24     2.14      0.05      1.96      0.61      0.04 - 0.10 
AK = Angkipih, KR = Kupang Rejo, BB = Belimbing Baru, KH = Kahelaan, SB = Sumber Baru, 
AM = Alimukim, PB = Peramasan Bawah, Gov = Government, Sci = Scientist, NGO = Non-
governmental Organization. 
 Furthermore, in detail, each stakeholder in the non-community stakeholders is 
compared with the community stakeholders. 
3.1.2.2 Government 
 The government institution consists of the Forestry Institution of Banjar district, the 
Land Rehabilitation and Soil Conservation Agency, the Forestry Institution of South Kalimantan 
Province, and the Regional Body for Planning and Development of Banjar district. A group of 
people at each of these institutions was interviewed to get information regarding their 
preferences in selecting locations for People’s Plantations. 
 Similar to the communities in the village samples, in this study, land suitability analysis 
for tree plantations was also done based on the government preferences in ranking the criterion 
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characteristics and weighting the criteria. The goal of this was to compare the preferences of the 
government and the local communities along with their reasons in selecting locations for tree 
plantations. 
3.1.2.2.1 Ranks 
 In ranking the characteristics of each criterion, respondents from each institution 
included in the government were asked to rank the characteristics. The results of the ranking 
from each institution were integrated using the system applied in the aggregate communities, and 
the result is described in Table 28 (p. 131). According to Table 28, the government and aggregate 
communities are different in three criteria: land cover types, soil types, and slopes, but the most 
significant difference is in the land cover/land use factor. On this issue, the government placed 
secondary forest areas at the first rank in selecting tree plantation locations, while the aggregate 
communities positioned them at the second one. Further, the government judged the industrial 
tree plantation areas to be the second rank, whereas the aggregate communities assigned them to 
the sixth one. Furthermore, the government assigned the shrub/scrub lands as the third rank, but 
the aggregate communities judged them as the first one. Furthermore, the government placed the 
agricultural lands plus bushes at the fourth rank, but on the other hand the aggregate 
communities put them at the third one. And the government located the barren/grass lands at the 
sixth rank, while the aggregate communities situated them at the fourth one. 
 On the basis of the differences above, the government gave priority to secondary forest 
areas for locations of People’s Plantations. The government wishes the secondary forest areas to 
be forests again, like the conditions before, based on the land uses determined by the 
government. But the aggregate communities prefer the lands that have been cultivated by them 
before as People’s Plantation locations. This is the case because the communities have been 
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reluctant to cultivate the forest areas. In the past, before the People’s Plantation program 
launched by the government, they were not allowed to cultivate the forest areas, but after the 
program was launched, the government has allowed them to cultivate the areas as People’s 
Plantations, but they are still disturbed by the memory of not being able to cultivate the land. In 
addition, in the past, there was no clarity about land and plant species status. Therefore, they 
preferred bush/scrub lands for the first rank as People Plantation’s locations rather than the forest 
and industrial tree plantation areas. Yet, the communities living in and around the forest areas 
still prioritize the forest areas as a People’s Plantation location because they are close to the 
areas. In addition, they have never been banned by the government from cultivating the forest 
areas. This happened because perhaps the government staff from the forest institution 
encountered problems going to remote villages for an inspection because of bad road conditions 
and other field difficulties. 
3.1.2.2.2 Weights  
 The government was also asked to weight the criteria, and the results are shown in 
Table 29 (p. 136). In this case, the criterion weights are an aggregation of the four government 
institutions: the Regional Development and Planning Board, the Watershed Management 
Institution, the Forestry Institution of South Kalimantan, and the Forestry Institution of Banjar 
district.  
 Based on Table 29, the government and aggregate communities are different in all 
criteria. From the highest weight percentage, the government weighted proximity to villages 
(20%), proximity to roads (18%), land covers (16%), soil types (13%), slopes (12%), rainfall 
(11%), and proximity to industries (11%), whereas the aggregate communities weighted 
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proximity to roads (24%), proximity to villages (22%), soil types (18%), land covers (15%), 
slopes (15%), rainfall (5%), and proximity to industries (2%). 
 Based on the weight comparison above, the government took into account the criteria 
in general because all the criteria have relatively the same role in determining tree plantation 
locations, except several criteria such as proximity to villages and roads and land covers, which 
have slightly higher weights. In these cases, the government thought that criteria such as 
proximity to industries and rainfall have an important role in selecting locations for tree 
plantations. On the contrary, the aggregate communities measured the importance of the criteria 
based on situations and conditions that they feel around them. The communities did not think 
that the proximity to industries has a high weight percentage. The causes are transportation costs 
from the village to an industry are relatively the same around the village, and most the local 
communities sell their farm product to buyers coming to the villages.  
 The characteristic ranks of the criteria and the criterion weights based on the preference 
of the government were integrated using the weighted overlay method in ArcGIS. Again, this 
integration applied the same decision rule used for the community stakeholders. The result of 
this integration is presented in Figure 40. The figure shows the areas that have high priority 
levels for tree plantations, i.e. the areas with blue colors, and the priority level declines from the 
blue to bluish, red, and orange colors on the basis of their value. The green color indicates the 
land units not suitable for tree plantations.  
 Furthermore, based on the map analysis, the number of land units, areas, and 
percentage of the areas according to the values of each land unit can be seen in Table 32. Table 
32 shows that there are 12 classes based on the values of the land units. The value of 29 is the 
highest level, whereas the value of 18 is the lowest one. The highest value consists of 3 land 
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units in the areas of 874.75 ha (0.90%), whereas the lowest value encompasses 3 land units in the 
areas of 28.96 ha (0.03%). The two values have relatively small areas based on the results of the 
overlaying all criteria/layers. The number of land units, areas, and percentage of the areas based 
on the value levels in the government are presented in Table 32. 
  
   Figure 40. Land Suitability Classification by the Government.  
Table 32. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels by 
the Government 
Value Number of Land Unit  Area (ha) Percentage (%) 
29 3 876 0.90 
28  20    2,632 2.72 
27 73 11,007 11.36 
26 102 23,493 24.26 
25 91 23,328 24.09 
24 105 13,545 13.99 
23 62 9,674 9.99 
22 64 5,381 5.56 
21 34 2,446 2.53 
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Table 32. (cont.) 
Value Number of Land Unit  Area (ha) Percentage (%) 
20 17 2,939 3.03 
19 7 587 0.61 
18 3 29 0.03 
0 8 913 0.94 
TOTAL 589 96,850 100.00 
 In addition, the difference of area percentage from the government and aggregate 
communities’ preference are shown in Figure 41. According to Table 32 and Figure 41, the most 
significant difference between the government and the aggregate communities in selecting 
locations for tree plantations is that the areas according to the government are mostly scattered in 
the values of 24 - 26, while for the aggregate communities the areas mostly spread in the values 
of 27 - 29. In this case, the areas based on the government preference mostly exist in the lower 
values than the values according to the community preference as the areas of criterion 
characteristics that are given higher ranks by the government have small areas. In other words, 
the areas of criterion characteristics that are placed at lower ranks have big areas. In contrast to 
the community stakeholders, the areas of criterion characteristics that are given higher ranks 
have big areas. In other words, the areas of criterion characteristics that are placed at lower level 
of ranks have small areas. This happened because the communities gave ranks to the criterion 
characteristics and weights to criteria based on the conditions and situations in and around their 
village, particularly the availability of lands, while the government mostly based its views on 
government regulations and general assumptions. 
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    Figure 41. Distribution of Land Units per Value by Aggregate 
Community and the Government. 
3.1.2.3 Scientists 
 Scientist samples are from a university close to the research location, i.e. Lambung 
Mangkurat University. Because this study is related to forests, the Faculty of Forestry were 
considered to be representative of the university in providing information about suitable and 
profitable lands for tree plantation locations and tree species that should be planted. A group of 
staff from the Faculty of Forestry, Lambung Mangkurat University was interviewed in ranking 
characteristics of criteria and weighting the criteria. The group consisted of 10 people from 
different areas of expertise, namely silviculture, forest soil, ecology, forest policy, forest 
economics, forest conservation, forest planning, forest management, and watershed management.  
3.1.2.3.1 Ranks 
 In ranking the characteristics, the staff of the Faculty of Forestry of Lambung 
Mangkurat University was asked to rank the characteristics from the highest to the lowest levels 
starting from 1 to 6 scores, depending on the number of characteristics for each criterion. In this 
case, the scientists were asked to rank the characteristics of each criterion/factor applied in 
selecting plantation locations. Then, the characteristic ranks from all respondents with different 
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disciplines were integrated to find out the ranks representing the scientists. The system used to 
determine the ranks for the scientists is the same one used in the aggregate communities. The 
result of the rank system is presented in Table 28 (p. 131). According to Table 28, the scientists 
and aggregate communities are different in two criteria: land covers and slopes. The scientists 
have ranked the characteristics of the criteria from the highest to the lowest rank, i.e. secondary 
forest areas, shrub/scrub lands, agricultural lands plus bushes, industrial tree plantation areas, 
barren/grass lands, and agricultural lands as the first, second, third, fourth, fifth, and sixth rank 
respectively. On the other hand, the aggregate communities assigned the shrub/scrub lands, 
secondary forest areas, agricultural lands plus bushes, barren/grass lands, agricultural lands, and 
industrial tree plantations to the first, second, third, fourth, fifth, and sixth rank respectively.  
 In terms of land cover, the scientists prioritized the secondary forest areas, shrub/scrub 
lands, and agricultural lands plus bushes for tree plantation locations. The reason is that the 
scientists took into account the availability of nutrients in the soil. In general, soil in and around 
the production forest areas is very poor, but there are some places that have slightly better 
conditions, such as in the secondary forest areas, shrub/scrub lands, and agricultural lands plus 
bushes. The secondary forest areas are the areas that are still grown with trees after logging. The 
trees are protecting the soil from leaching, so that they still have many nutrients for plant growth. 
Lutz and Chandler (1946) stated that the most effective agent in protecting soil from erosion is 
climax vegetative, and in properly managed forest stands, accelerated erosion is insignificant. 
Like the secondary forest areas, shrub/scrub lands have also enough nutrients after resting for 
several years from cultivations because the nutrients from decomposed organic matter are still 
stored in the land. Shrubs/scrubs are vegetation consisting of small trees that are leading to 
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climax forests. According to Lutz and Chandler (1946), forest vegetation is one of the most 
efficient types of plant cover in erosion control. 
 According to the scientists, in addition to nutrient storage, the secondary forests and 
scrubs lands are also suitable for being planted with semi tolerant tree species, the species that 
need shelter in the seedling stage and need much light when they have grown up. In addition, the 
scientists explained that especially in the second forest lands, the probability of achieving 
successful tree plantations is higher than other lands because their condition are still close to the 
forest condition. Even the local communities can utilize wildings, so they do not have to grow 
new plants. Moreover, there will be no problems with the land use status because the lands are 
allocated for forests. Nevertheless, one scientist said that it is the responsibility of the forest 
company to rehabilitate the secondary forest lands since the company has cut down the trees.  
 In terms of slope, the scientists prioritized the flatter slopes for tree plantation 
locations, except in the slopes of 0 - 2% because the areas with this slope are very small, and it is 
more suitable for agriculture than for forestry. They contended that the flatter slopes are easily to 
cultivate and manage. 
3.1.2.3.2 Weights 
 The scientists were also asked to weight the criteria used in selecting locations for tree 
plantations, and the result can be seen in Table 29 (p. 136). Based on Table 29, the scientists and 
aggregate communities are different in several criteria in assigning a weight. From the highest 
weight percentage, the scientists weighted proximity to villages (27%), proximity to roads 
(18%), slopes (15%), soil types (14%), land cover types (13%), rainfall (7%), and proximity 
industries (6%), whereas the aggregate communities weighted proximity to roads (24%), 
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proximity to villages (22%), soil types (18%), land cover types (15%), slopes (15%), rainfall 
(5%), and proximity to industries (2%). 
 Based on the weight comparison above, the scientists prioritized the proximity to 
villages as an important criterion for selecting locations for tree plantations. They assumed that 
more local communities go to the agricultural lands by walking than by using a road facility, so 
that they gave a higher weigh to the proximity to villages than the weight to the proximity to 
roads. In reality, most of the local communities go to the agricultural lands by motorcycles that 
have been modified according to field conditions. Moreover, the communities did not think that 
the proximity to industries has a high weight percentage in selecting locations for tree plantations 
because transport costs in a village are the same. Moreover, most buyers come and buy the 
farmers’ products in the village. 
 The results of integrating the characteristic ranks of the criteria and the criterion 
weights based on the preference of the scientists that were integrated using the weighted overlay 
method in ArcGIS are shown in Figure 42. The figure shows the areas that have high priority 
levels for tree plantations, i.e. the areas with blue colors, and the priority levels decrease from the 
blue to bluish, red, and orange colors according to their value. The green color indicates the land 
units not suitable for tree plantations. In addition, based on the map analysis, the number of land 
units, areas, and percentage of the areas on the basis of the values of each land unit are shown in 
Table 33. Table 33 shows that there are 11 classes based on the values of the land units. The 
value of 29 is the highest value, whereas the lowest one is the value of 19. The highest value 
consists of 4 land units in the areas of 214.31 ha (0.22%), whereas the lowest one also occupies 2 
land units in the areas of 37.03 ha (0.04%). The two values have very small areas based on the 
result of overlaying all criteria/layers. 
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   Figure 42. Land Suitability Classification by Scientists. 
Table 33. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels by 
the Scientists 
Value Number of Land Unit  Area (ha) Percentage (%) 
29 4 214 0.22 
28 7 1,406 1.45 
27 50 10,176 10.50 
26 96 24,437 25.22 
25 122 28,065 28.96 
24 124 16,492 17.02 
23 81 6,188 6.39 
22 48 4,382 4.52 
21 22 2,890 2.98 
20 12 1,723 1.78 
19 2 37 0.04 
0 8 901 0.93 
TOTAL 576 96,911 100.00 
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 Furthermore, the scientists and the aggregate communities are different in the area 
percentage at each value class/score as shown in Figure 43.  
    
    Figure 43. Distribution of land Units per Value Class by 
Scientists. 
Based on Table 33 and Figure 43, on the basis of the scientists’ preferences, most areas are 
scattered in the values of 25, 26, and 24. The value of 25 consists of 122 land units in the areas of 
28,065.41 ha (28.96%), the value of 2 occupies 96 land units in the areas of 24,437.15 ha 
(25.22%), and the value of 24 encompasses 124 land units in the areas of 16,491.69 ha (17.02%). 
Most of these areas widely spread across the first, second, third, even in the fourth rank of the 
criterion characteristics. 
 The most significant difference between the scientists and aggregate communities from 
the land distribution point of view is that according to the scientists’ preference, most areas are 
scattered in the values of 25, 26, and 24, while according to the aggregate communities, most 
areas are spread in the values of 27-29. From this standpoint, the areas based on the scientists’ 
preference mostly exist in the lower values than the values according to the community’s 
preference. This takes place because the scientists gave higher ranks to the criterion 
characteristics that have small areas, while the aggregate communities gave higher ranks to the 
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criterion characteristics that have big areas. The underlying reason is that the aggregate 
communities gave ranks on the basis of conditions and situations in and around their village, 
especially the availability of lands, while the scientists relied more heavily on scientific 
information. 
3.1.2.4 Non-governmental Organizations (NGOs) 
 The non-governmental Organizations (NGOs) that were involved in this study are the 
NGOs located close to the research location, i.e. Wahana Lingkungan Hidup Indonesia (WALHI) 
and Yayasan Cakrawala Hijau Indonesia (YCHI). A group of people from each of the NGOs was 
interviewed to rank characteristics of each criterion and weight the criteria. Each group consists 
of five people from different areas of expertise, particularly related to the forests and 
environment.  
3.1.2.4.1 Ranks 
 In ranking the characteristics, the NGOs were asked to rank the characteristics from the 
highest to the lowest levels, from the first to the sixth rank, depending on the number of 
characteristics for each criterion. In this case, the NGOs were asked to rank characteristics for 
each criterion/factor that were applied in selecting locations for tree plantations. Then, the 
characteristic ranks from the NGOs were integrated using the same system as the one used in 
ranking characteristics in the aggregate communities, and the result is described in Table 28 (p. 
131). Based on Table 28, the NGO and aggregate communities are different in terms of two 
criteria: land covers and slopes. In terms of land cover point, the NGOs ranked the characteristics 
of criteria from the highest to the lowest rank, i.e. secondary forest areas, industrial plantation 
areas, agricultural lands plus bushes, shrub/scrub lands, barren/grass lands, and agricultural 
lands. On the other hand, the aggregate communities put the shrub/scrub lands as the first rank, 
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followed by secondary forest areas, agricultural lands plus bushes, barren/grass lands, 
agricultural lands, and industrial tree plantation areas.  
 In the land cover criterion, the NGOs prioritized the secondary forest areas, industrial 
tree plantation areas, and agricultural lands plus bushes. The reason is that the NGOs took into 
consideration the availability of nutrients in the soil and the status of the lands. In general, the 
soil in the secondary forest areas is more fertile than the soil in other lands because nutrients 
accumulated under the trees are not leached through erosion when raining. According to Munns 
et al. (1938) in Lutz and Chandler (1946), soil losses from the forests are from 10 to 0.01% of 
those from cultivated fields and even smaller than the losses from grassland. Furthermore, Lutz 
and Chandler (1946) stated that the principal reasons why a dense cover of forests reduces 
erosion are (1) infiltration of water runs well, (2) the accumulated organic matter under the 
forests hold much water, (3) the root systems of the forests mechanically hold the soil, and (4) 
the wind blowing the soil is protected. 
 Furthermore, industrial tree plantation areas have been cultivated by a forest company, 
so they have better soil conditions. And the agricultural lands plus bushes also have better soil 
conditions since the soil has been cultivated by the community before. 
 In terms of land status, the NGOs contended that the local communities should be 
allowed to utilize the forest lands since they have lived for years in and around the forests. 
Particularly in the industrial plantation areas, the local communities should be allowed to 
cultivate the areas since the areas have been abandoned by the forest companies. And in the 
agricultural lands plus bushes, in terms of land status, the local communities should be given 
right to cultivate the lands since they have cultivated them before.  
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 In terms of slope, the NGOs prioritized the slopes (8 - 15%), (15 - 25%), (2 - 8%), and 
(25 - 40%) as the first, second, third, and fourth rank. They contended that the ranks are suitable 
for tree plantations in the forests.  
3.1.2.4.2 Weights  
 The NGOs were also asked to weight the criteria used in the analysis. The system used 
to integrate the criterion weights from the NGOs was the same one used in weighting the criteria 
in the aggregate communities, and the results are shown in Table 29 (p. 136). Based on Table 29, 
the NGOs and the aggregate communities are different in several criteria in assigning weights to 
criteria used in selecting locations for tree plantations. From the highest weight to the lowest one, 
the NGOs weighted proximity to villages (36%), proximity to roads (16%), soil types (19%), 
rainfall (8%), slopes (7%), land covers (7%), and proximity to industries (7%), whereas the 
aggregate communities weighted proximity to roads (24%), proximity to villages (22%), soil 
types (18%), land covers (15%), slopes (15%), rainfall (5%), and proximity to industries (2%). 
 On the basis of the weight comparison in Table 29, the NGOs prioritized the proximity 
to villages as a criterion that has a high influence in selecting locations for tree plantations. They 
thought that most communities go to their agricultural land by walking. Further, the NGOs 
contended that the proximity to industries affect the local community preferences in selecting 
locations for tree plantations. In reality, most of the local communities go to the agricultural 
lands on motorcycles that have been modified for field conditions. In addition, the local 
communities did not think that the proximity to industries has a high percentage of weight. The 
reason they think this is that transportation costs from any places in a village are relatively the 
same. Second, the buyers come to the village and make a transaction with the local communities.  
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 Furthermore, the NGOs thought that the rainfall factor has significant effect on the 
local communities in selecting locations for tree plantations. In this case, the NGOs based this 
view on the effect of rainfall on the tree growth in general, but in this study, the effect of the 
rainfall on tree growth is that whether or not the rainfall quantity and quality is different from a 
location to other locations in a village. Because the rainfall widely affects in a vast area, the local 
communities considered the effect of the rainfall in selecting locations for tree plantations to be 
relatively small.  
 Finally, with the weighted overlay method in the ArcGIS, the characteristic ranks and 
the criterion weights on the basis of the preferences of the NGOs were integrated, and the result 
is shown in Figure 44. The figure shows the areas having high priority level for tree plantations, 
i.e. the areas with blue colors, and the priority levels decrease from the blue to bluish, red, and 
orange colors according to the their value. The green color indicates the land units not suitable 
for tree plantations.  
 In addition, based on the map analysis, the number of land units, areas, and percentage 
of the areas according to the value of each land unit are presented in Table 34 that shows that 
there are 10 classes based on the values of the land units. The value of 30 is the highest score, 
whereas the lowest one is the value of 21. The highest value consists of 1 land unit in the area of 
5.29 ha (0.01%), whereas the lowest one occupies 6 land units in the area of 2,206.01 ha 
(2.28%). The highest value has very small areas based on the result of overlaying all 
criteria/layers. 
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   Figure 44. Land Suitability Classification by NGOs. 
Table 34. The Number of Land Units, Areas, and Percentage of the Areas based on Value Levels by 
the NGOs 
Value Number of Land Unit  Area (ha) Percentage (%) 
30 1 5 0.01 
29 9 1,412 1.46 
28 52 10,681 11.02 
27 73 28,240 29.14 
26 98 19,631 20.26 
25 78 12,545 12.95 
24 70 10,170 10.49 
23 62 8,422 8.69 
22 27 2,689 2.77 
21 6 2,206 2.28 
0 8 906 0.93 
TOTAL 488 96,908 100.00 
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 Furthermore, the area percentages on the basis of the NGO and aggregate communities’ 
preference are presented in Figure 45. Table 34 and Figure 45 show that on the basis of the NGO 
preferences, most areas scatter on a descending size in the values of 27 and 26. The value of 27 
consists of 73 land units in the area of 28,240.18 ha (29.14%) and the value of 26 occupies 98 
land units in the area of 19,631.14 ha (20.26%). Most these areas widely spread across the first, 
second, third, and even in the fourth ranks of criterion characteristics. 
 In addition, based on Table 34 and Figure 45, the most significant difference between 
the NGOs and the aggregate communities in selecting locations for tree plantations; that is, based 
on the NGO preference, most areas scatter in the values of 27 and 26, while based on the 
aggregate communities, most areas spread in the values of 27 - 29. From this standpoint, similar 
to the government and scientist stakeholders, the areas based on the NGO preference mostly 
exist in the lower values than the values according to the aggregate communities’ preference. 
This is because the areas of criterion characteristics that are placed at lower ranks have big areas. 
In contrast, on the basis of the aggregate communities’ preference, the areas of criterion 
characteristics that are placed at lower level of ranks have small areas. This happens because the 
aggregate communities gave ranks to the criterion characteristics and weights to criteria based on 
the condition and situation in and around their village, specifically the availability of lands, while 
the NGOs mostly based their views on sciences, regulations, and their experience in the field. 
 Furthermore, Table 34 and Figure 45 show that the areas of the value of 27 based on the 
NGO preference have an extremely high percentage. This value is contributed by characteristic 
criteria with big areas, namely the soil type (complex red-yellow podzolic/latosol), the land 
cover (scrubs/bushes), slopes (8 - 15%), and rainfall (2,500 - 3,000 mm/year). 
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    Figure 45. Distribution of land Units per Value Class by 
NGOs. 
3.1.3. Final Land Units 
 In searching for the final land units, the land units that have been acquired by 
integrating all layers physically and spatially were integrated with the land systems. But before 
integrating them with the land systems, they were reclassified so that they do not have such a 
great number of land units, which results in efficiency and effectiveness in tree plantation plans 
and implementation. After reclassification, the land units were analyzed through “General 
analysis.” This analysis was aimed at reducing the number land units in an area, so that they 
would be more efficient in management. 
 The land units based on the aggregate communities or community stakeholders were 
used for further analysis in searching for the final land units for land suitability analysis. The 
reason is that the community stakeholders’ preferences will be used in making decision for the 
“People’s Plantation” program in the production forest areas in the Banjar district, whereas the 
land units based on other stakeholders’ preferences will be used for comparisons between the 
community and non-community stakeholders’ preferences. In addition, the land units based on 
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the non-community stakeholders’ preferences will provide other perspectives in selecting 
locations and tree species for tree plantations. 
3.1.3.1 Reclassification 
 Reclassification is replacing input cell values with new output cell values. 
Reclassification is conducted with several reasons, i.e. to replace values based on new 
information, to group certain values together, to reclassify values to a common scale, and to set 
specific values to NoData or to set NoData cells to a value (ESRI, 2012b). In addition, priority 
setting is necessary when money, time and staff are limited. Further, grouping classified sites 
according to a priority level can further aid in short and long-term planning, budgeting, and 
scheduling of play, personnel, and equipment. 
 According to Table 20, p. 98 (the number of land units, areas, and percentage of the 
areas based on value levels in the aggregate community), land units have 12 classes of values 
ranging from value 19 (the lowest value) to the value of 30 (the highest value). In this case, the 
land units having a value of 30 are classified as Priority 1 to be planted as tree plantation 
locations, followed by the land units with the lower values, while the land units with a value of 0 
(zero) are classified as restricted areas for tree plantations since the areas are being utilized by a 
coal mining company 
 Because there are so many land units scatter in each priority level, so many priority 
levels in the tree plantation planning, and uneven distribution of the land unit areas in each 
priority level as presented in Table 20 (p. 98), the priorities were reclassified into three priority 
levels: Priority 1, Priority 2, and Priority 3 as presented in Table 35 and Figure 46.  
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Table 35. Reclassified Priority Levels 
No. Value Remark 
Numbers of 
Land Unit 
Area (ha) 
Percentage 
(%) 
1 30 + 29 + 28 Priority 1 30 37,599 38.75 
2 27 + 26 + 25 Priority 2 84 39,578 40.79 
3 24 + 23 + 22 + 21 + 20 + 19 Priority 3 49 18,958 19.54 
4 0 Restricted 8 898 0.92 
TOTAL 171 97,033 100.00 
 The priorities were reclassified based on the Driessen and Konijn classification 
(Driessen and Konijn, 1992), i.e. priority 1 (highly suitable/S1), priority 2 (moderately 
suitable/S2), and priority 3 (marginally suitable/S3). 
   
 Figure 46. Land Suitability Reclassification by 
Aggregate Community Stakeholder. 
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Based on Table 35 and Figure 46, the land units with the values of 30, 29, and 28 were 
aggregated into the Priority 1; the land units with the value of 27, 26, and 25 were aggregated 
into the priority 2; and the land units with the values of 24, 23, 22, 21, 20, and 19 were 
aggregated into the Priority 3. In addition, the land units with value of zero (0) that occupy 
898.08 ha are still restricted for tree plantation locations since they are being utilized by a coal 
mining company. Although the utilization license of the coal mining company has ended, the 
land units are not profitable for tree plantation locations. As a result of reclassification, the 
number of land units decreases from 593 to 171 land units as presented in Table 35 and Figure 
46. 
3.1.3.2 Generalization Analysis 
 After reclassifying the land units based on the land unit values (Table 34 and Figure 46), 
there are still many land units (171 units) throughout the production forests. This will make it 
difficult for the planners or decision-makers to make efficient and effective plans for tree 
plantations. Therefore, the land units were reduced again by integrating the small land units into 
the big ones. This can be done with “Generalization analysis.”  
 ESRI (2012c) explains that Generalization analysis is used to either clean up small 
erroneous data in the raster or to generalize the data to get rid of unnecessary details for a more 
general analysis. Each function in generalization analysis can be used alone or in combination 
with other data cleanup functions for various applications. In this case, Majority Filter and 
Boundary Clean were used. The Majority Filter function is applied to remove the single, 
misclassified cells in the classified map. Further, the Major Filter applies “peer pressure” to each 
cell twice in a raster. If a cell with value x is surrounded by cell y, the cell’s value will change 
from x to y. In this case, eight numbers of neighbors were used. This means that the kernel of the 
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filter will be the eight nearest neighbors (a 3 by 3 window) to the present cell. In addition, 
Boundary Clean is used to smooth the boundaries between zones, where the larger zones invade 
small ones. As a result, the Boundary Clean runs expansion and shrinks a polygon. 
 The standard used in in applying the Generalization analysis was the area of land units 
suitable for tree plantations per household (15 ha) based on the Ministry of Forestry Regulation 
No. P.23/Menhut-II/2007, article 8 (Ministry of Forestry of Republic of Indonesia, 2007a). The 
regulation states that the maximum area for People’s Plantations is 15 ha per household. After 
applying the Generalization analysis, the number of land units in the production forest areas 
decreases from 171 units to 93 units as described in Table 36 and Figure 47. 
Table 36. Priority Levels of Land Units based on Generalization Analysis 
No. Priority Number of Land Unit Area (ha) Percentage (%) 
1 1 11 37,028 38.03 
2 2 43 40,655 41.75 
3 3 32 19,121 19.64 
4 Restricted 7 568 0.58 
 TOTAL 93 97,372 100.00 
Source: Generalization Analysis, 2012. 
 According to Table 36 and Figure 47, the number of Priority 1 land units decreased 
from 30 to 11 units, Priority 2 land units decreased from 84 to 43 units, and Priority 3 land units 
decreased from 49 to 32 units. Besides changes in the number of land units, the areas of land 
units also changes. The areas of Priority 1 land units decrease from 37,599 ha (38.75%) to 
37,028 ha (38.03%) and coal mining areas decrease from 898 ha (0.92%) to 568 ha (0.58%). 
Conversely, the areas of Priority 2 land units increase from 39,578 ha (40.79%) to 40,655 ha 
(41.75%) and the areas of Priority 3 land units increase from 18,958 ha (19.54%) to 19,121 ha 
(19.64%). In these changes, the coal mining areas decrease drastically because they have a 
relatively small area (112 ha/unit). These changes are caused by the Generalization analysis, 
where smaller land units were integrated into bigger land units.  
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 Figure 47. Land Units based on Generalization Analysis. 
 According to Malczewski (1999), when many alternatives exist in land suitability 
problems, it is necessary to reduce the set of alternatives to a more manageable size by first 
removing dominated alternatives. Dominated alternatives are alternatives that are less desired in 
decision-making problems. On the contrary, non-dominated alternatives are the alternatives that 
are more desired in the decision-making analysis. 
3.1.3.3 Integration of land units with land systems 
 The aim of this integration is to find land system units that exist in the production 
forests. In this case, the land units from the aggregate community stakeholders were integrated 
with the land systems, and this produced “Final Land Units” in the land suitability analysis for 
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tree plantations. Further, the Final Land Units were also divided into three priority levels: 
Priority 1, Priority 2, and Priority 3 areas.  
1. Priority 1 Areas 
 After integrating Priority 1 areas with the land systems, the Priority 1 areas comprise 
nine land units as presented in Figure 48 and Table 37. Based on the land system units, the 
Priority 1 areas have nine land system groups, namely Maput, Teweh, Bukit Pandan, Honja, 
Pendreh, Pakalunai, Mantalat, Lawanguang, and Bakunan comprising 2, 3, 5, 1, 6, 3, 5, 1, and 1 
land units respectively. Further, Maput and Teweh are the land system groups dominating the 
Priority 1 areas. The two groups of the land system units occupy 70.43% of the total Priority 1 
areas. 
   
 Figure 48. Land System Unit in Priority 1 Areas. 
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Table 37. The Number of Land Units, Areas, and Area Percentage based on Land System Unit 
Groups in the Priority 1 Areas. 
No. Name of Land Unit Number of Land Unit Area (ha) Percentage (%) 
1 Maput 2 13,536 36.65 
2 Teweh 3 12,477 33.78 
3 Bukit Pandan 5 3,693 10.00 
4 Honja 1 2,636 7.14 
5 Pendreh 6 1,676 4.54 
6 Pakalunai 3 1,423 3.85 
7 Mantalat 5 1,283 3.47 
8 Lawanguang 1 194 0.53 
9 Bakunan 1 15 0.04 
TOTAL 27 36,933 100.00 
2. Priority 2 Areas 
 After integrating the Priority 2 areas with the land systems, the Priority 2 areas 
encompass 10 land units as presented in Figure 49 and Table 38.  
 
    
 Figure 49. Land System Units in Priority 2 Areas. 
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Based on the land system units, the Priority 2 areas have 10 land system groups, namely Maput, 
Bukit Pandan, Pakalunai, Teweh, Honja, Pendreh, Mantalat, Bakunan, Luang, and Lawanguang. 
The Land system unit groups consist of 2, 5, 3, 3, 2, 7, 5, 2, 1 and 1 land units respectively. 
Furthermore, Maput, Bukit Pandan, Pakalunai, and Teweh are the land system groups 
dominating the Priority 2 areas. The four groups of the land system units dominate 80.03% of the 
total Priority 2 areas. 
Table 38. Number of Land Units, the Areas, and Area Percentage based on Land System Unit 
Groups in the Priority 2 Areas. 
No. Name of Land Unit 
Number of Land 
Unit 
Area (ha) Percentage (%) 
01 Maput 2 10,857 26.71 
02 Bukit Pandan 5 9,553 23.50 
03 Pakalunai 3 6,558 16.14 
04 Teweh 3 5,560 13.68 
05 Honja 2 3,583 8.82 
06 Pendreh 7 2,594 6.38 
07 Mantalat 5 1,227 3.02 
08 Bakunan 2 499 1.23 
09 Luang 1 204 0.50 
10 Lawanguang 1 7 0.02 
TOTAL 31 40,642 100.00 
3. Priority 3 Areas 
 After integrating the Priority 3 areas with the land systems, the Priority 3 areas also 
comprise 10 land units as presented in Figure 50 and Table 39. Based on the land system units, 
the Priority 3 areas have 10 land system groups, namely Maput, Bukit Pandan, Pakalunai, 
Teweh, Honja, Pendreh, Mantalat, Bakunan, Luang, and Lawanguang. The Land system unit 
groups consist of 2, 5, 3, 3, 2, 7, 5, 2, 1, and 1 land units respectively. In addition, Maput, Bukit 
Pandan, Pakalunai, and Teweh are the land system groups dominating the Priority 3 areas. The 
four groups of land system units dominate 80.03% of the total Priority 3 areas as presented in 
Table 39. 
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 Figure 50. Land System Units in Priority 3 Areas. 
Table 39. The Number of Land units, Areas, and Area Percentage based on Land System Unit 
Group in the Priority 3 Areas 
No. Name of Land Unit 
Number of Land 
Unit 
Area (ha) Percentage (%) 
01 Luang 1 6,784 35.60 
02 Pakalunai 1 2,505 13.14 
03 Bukit Pandan 3 2,432 12.76 
04 Teweh 1 2,125 11.15 
05 Pendreh 3 1,792 9.40 
06 Maput 1 1,351 7.09 
07 Mantalat 5 1,068 5.60 
08 Honja 2 647 3.39 
09 Lawanguang 1 349 1.83 
10 Rangankau 1 4 0.02 
TOTAL 19 19,057 100.00 
 
 170 
 
3.1.4 Prioritized Tree Species 
3.1.4.1 Prioritized Tree Species by Community stakeholders 
 In determining prioritized tree species preferred by the community stakeholders for tree 
plantations in the production forests of the Banjar district, the local communities in the village 
samples were interviewed using a questionnaire with open-ended questions regarding tree 
species for tree plantations. Open-ended questions mean that the local communities were asked 
to answer the questions without being provided answer choices. In this case, the local 
communities were able to mention more than one tree species. Afterward, the prioritized tree 
species were determined on the basis of number or percentage of respondents preferring certain 
tree species. The more respondents preferred the tree species, the higher priority of the tree 
species for tree plantations. In detail, the preferred tree species, number and percentage of 
respondents providing preferences are described in Table 40. 
Table 40. Preferred Tree Species, and Number and Percentage of Respondents Providing 
Preferences in the Community Stakeholders 
No. Tree Species Botanical Name 
Number of 
Respondents 
Percentage (%) 
01 Rubber Hevea brasiliensis 124 100.0 
02 Candlenut Aleurites moluccana  79 63.7 
03 Coffee Coffea sp. 66 53.2 
04 Durian Durio zibenthinus Murr. 58 46.8 
05 Teak Tectona grandis 41 33.1 
06 Langsat Lansium domesticum 15 12.1 
07 Sungkai Pronema canescens Jack. 11 8.9 
08 Cempedak Artocarpus cempeden 4 3.2 
09 Petai Parkia speciosa 3 2.4 
10 Cacao Theobroma cacao 2 1.6 
11 Jabon Antocephalus cadamba 1 0.8 
 According to Table 40, the tree species that has the highest priority is the rubber tree 
cultivars. This tree species was preferred by all respondents (100%) followed by candlenut 
(63.7%), coffee (53.2%), durian (46.8%), teak (33.1%), and langsat trees (12.1%). Those are tree 
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species dominating prioritized tree species for tree plantations on the basis of the community 
stakeholders’ preferences.  
 According to the regulation of Directorate General of Production Forests, No.P.06/VI-
BPHT/2008 in the Ministry of Forestry of Indonesia (2010), rubber, candlenut, durian, and 
langsat tree species are included as main trees in the group of Multiple-Purpose Tree Species 
(MPTS), whereas teak trees are classified as Non Dipterocarpaceae species in the “People’s 
Plantations” program. Unfortunately, in this case, coffee tree species are not included in the 
program. Coffee trees may be considered as scrubs because they are classified as small trees. 
According to Siswomartono (1989), scrubs or shrubs are small trees or bushes, whereas trees can 
reach 8 feet high when mature and have a stem and clear or real canopy. Furthermore, according 
to the Department of Forestry of Republic of Indonesia (1990), scrubs are a form of vegetation 
that cannot produce wood for trading and that usually have a short life and will be replaced by 
other species after a succession process, while trees are woody plants that have a main stem with 
branches and twigs. Yet, coffee tree species should be considered by the Government of 
Indonesia as the species for People’s Plantations program because it is preferred by most local 
communities (53.2%). 
 In general, the criteria used by the local communities in selecting tree species are (1) the 
tree species provide cash income continuously for a long-term period (100%), (2) they are easy 
to sell (88.7%), (3) they are easy to plant and maintain (85.5%), and (4) the local communities 
are familiar with the tree species (79.0%). Familiarity factor on this point has the lowest 
percentage because a part of communities that are living in and around the forests and active in 
agricultural work are from Java and Madura Islands (outsiders). They came to the villages 
through either transmigration programs or self-transmigration. The indigenous people themselves 
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tend to sell their land to outsiders because they believe that earning quick cash is more important 
than cultivating a land. After selling their land, they seek a job to earn cash, such as panning for 
gold. 
 According to the interviews, the intentions of the local communities in planting trees are 
(1) earning cash (100%), (2) bequeathing the trees and farming lands to descendants (78.2%), 
marking land ownership (76.6%), for firewood (45.2%), land borders (43.5%), shelter (43.5%), 
construction materials (39.5%), and fence materials (25.8%). Based on data above, the local 
communities emphasize three benefits in planting trees, i.e. earning cash, preparing trees and 
lands to descendants, and marking land ownership. These results show that cash income is very 
important to the local communities to supply their daily needs. In addition, bequeathing trees and 
lands to their children and grandchildren is also important. They assumed that it will be difficult 
to acquire a land in the future because of high competition with outsiders and high population 
growth. Likewise, marking land ownership in the field is also very difficult. One way considered 
safe is planting trees on the borders of the lands, and this is the commonest way to mark land 
ownership in and around the forests.  
3.1.4.2 Prioritized Tree Species by Non-community Stakeholders 
 Similar to the community stakeholders, in determining prioritized tree species based on 
the non-community stakeholders for tree plantations in the production forests of the Banjar 
district through the People’s Plantations program, all stakeholders among the non-community 
stakeholders were interviewed employing a questionnaire with open-ended questions. The non- 
community stakeholders were asked to answer questions without answer choices so that they 
were able to mention more than one tree species. Like the community stakeholders, the 
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prioritized tree species for the non-community stakeholders were also determined based on 
number or percentage of respondents preferring certain tree species as presented in Table 41.   
 According to Table 41, the tree species that has the highest priority is the rubber tree 
cultivars. This tree species was preferred by 39 respondents of the total respondents (40 people) 
with a percentage of 97.5% followed by mahoni (52.5%), durian (45%), sengon (35%), 
candlenut (32.5%), and teak trees (27.51%). Those are the tree species dominating prioritized 
tree species for tree plantations based on the non-community stakeholders’ preferences.  
Table 41. Preferred Tree Species, and Number and Percentage of Respondents Providing 
Preferences in the Non-community Stakeholders 
No. Tree Species Botanical Name 
Number of 
Respondents 
Percentage (%) 
01 Rubber Hevea brasiliensis 39 97.5 
02 Mahoni Swietenia macrophylla 21 52.5 
03 Durian Durio zibenthinus Murr. 18 45.0 
04 Sengon Paraserianthes falcataria 14 35.0 
05 Candlenut Aleurites moluccana  13 32.5 
06 Teak Tectona grandis 11 27.5 
07 Cempedak Artocarpus integer 4 10.0 
08 Jabon Antocephalus cadamba 4 10.0 
09 Langsat Lansium domesticum 3 7.5 
10 Rambutan Nephelium lappaceum 3 7.5 
11 Mango Mangifera indica 3 7.5 
12 Meranti Shorea sp. 3 7.5 
13 Coffee Coffea sp. 2 5.0 
14 Sungkai Pronema canescens Jack. 2 5.0 
15 Petai Parkia speciosa 2 5.0 
16 Jackfruit Artocarpus heterophyllus 2 5.0 
17 Oil palms Elaeis guineensis 2 5.0 
18 Jeruk Citrus sp. 2 5.0 
19 Acacia Acacia sp. 2 5.0 
20 Gaharu Aquilaria malaccensis 2 5.0 
21 Cacao Theobroma cacao 1 2.5 
22 Cashew Anacardium occidentale 1 2.5 
23 Cinnamon Cinnamomum burmanni 1 2.5 
24 Gmelina Gmelina arborea 1 2.5 
25 Jelutung Dyera costulata 1 2.5 
26 Kasturi Mangifera casturi 1 2.5 
27 Ulin Eusideroxylon zwageri 1 2.5 
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 Based on the regulation of Directorate General of Production Forests, No.P.06/VI-
BPHT/2008 in the Ministry of Forestry of Indonesia (2010), rubber, durian, and candlenut tree 
species are included as the main trees in the group of Multiple-Purpose Tree Species (MPTS), 
whereas mahoni, sengon, and teak tree species are classified as Non Dipterocarpaceae species in 
the People’s Plantations program.  
 In addition, the reasons of the non-community stakeholders in selecting the tree species 
for the People’s Plantations program are presented in Table 42. According to Table 42, the non-
community stakeholders not only emphasizes the economic value of tree species for the People’s 
Plantations, but also takes into account of other factors such as industry, adaptability, community 
needs, ecology, and government programs because the non-government stakeholders consist of 
different stakeholders, i.e. government and non-government organizations, and scientists.  
Table 42. The Reasons of the Non-community Stakeholders in Selecting Tree Species for the 
People’s Plantations Program 
No. Reason Number of Respondent Percentage (%) 
01 Daily yield 28 70.0 
02 High price 21 52.5 
03 Fast yield/growth 21 52.5 
04 Good market/High demand 15 37.5 
05 Industry supplier 14 35.0 
06 High adaptability 12 30.0 
07 Familiarity 9 22.5 
08 Land suitability 7 17.5 
09 Easy to plant and maintain 6 15.0 
10 Community wood supplier 6 15.0 
11 Community food supplier 5 12.5 
12 Ecological function 3 7.5 
13 Local species 2 5.0 
14 Durability of product 1 2.5 
15 Government program 1 2.5 
16 Multi-purpose tree species 1 2.5 
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3.1.5 Matching Land System Characteristics to Tree Species Requirements 
 Matching Land System Characteristics to Tree Species Requirements is aimed at 
analyzing the land system unit suitability for specific tree species preferred by stakeholders. 
Based on the interviews with the respondents from all stakeholders involved, most respondents 
from both the community and non-community stakeholders placed rubber tree cultivars (Hevea 
brasiliensis) at the first priority for tree plantations. The reasons are that the rubber trees have 
been familiar to the local communities and have been more profitable than other tree species. In 
addition, rubber trees need a shorter maturation time than wood trees before harvest. And the 
most important thing is rubber tree cultivars provide consistent returns to the local communities. 
 Based on the fact that the rubber tree is a favorite species for the local communities, the 
species was prioritized in matching to the land system characteristics (Appendix C). After 
matching the requirements of rubber tree cultivars to the land system characteristics, the result 
(Appendix D) shows that the land system units spread from most suitable (S1), suitable (S2), 
marginal suitable (S3), and not suitable (N) based on the requirements of rubber tree cultivars. 
The result of matching rubber tree requirements to the land unit characteristics per land unit 
group is presented in Table 43 that shows that all land units are not suitable for rubber tree 
plantations. The reason is, several land characteristics of the land units are not matched to the 
rubber tree requirements. As has been mentioned in the research method (Chapter III), this study 
follows a basic principle in the matching of the land unit characteristics to rubber tree 
requirements, “the law of the minimum.” This means that the most limiting rating out of the land 
characteristics grouped in a single land quality is taken as the rating for that quality. According 
to Mantel et al. (2007), matching of land and soil information to the plant requirement 
information produces ratings that indicate the adequacy of land quality for tree cultivation under 
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predefined conditions of management and inputs. In addition, Mantel et al. (2007) stated that the 
most limiting factor is assumed to determine the overall suitability rating in accordance with 
“Liebig’s Law of the Minimum.” This law states that crop growth is controlled not by the total 
resources available, but crop growth is limited by the scarcest resource. 
Table 43. The Result of Matching Rubber Tree Requirements to Land Unit Characteristics per 
Land Unit 
No. 
Land 
System 
Name 
Priority 
Location 
Land 
Suitability 
Rating 
Description 
01 Teweh 1, 2, 3 Nw,n 
Not suitable because of water availability (dry months) 
and nutrient availability (P2O5). 
02 Maput 1, 2, 3 Nt,w,n,s 
Not suitable because of temperature regime (average 
annual temperature), water availability (dry months), 
nutrient availability (P2O5), and terrain (rock outcrops). 
03 Pakalunai 1, 2, 3 Nt,r,n,s 
Not suitable because of temperature regime (average 
annual temperature), rooting condition (rooting depth), 
nutrient availability (P2O5), and terrain (rock outcrops). 
04 Mantalat 1, 2, 3 Nt,w,s 
Not suitable because of temperature regime (average 
annual temperature), water availability (dry months), 
and terrain (rock outcrops). 
05 Honja 1, 2, 3 Ns Not suitable because of terrain (rock outcrops). 
06 Pendreh 1, 2, 3 Nt,w,r,s 
Not suitable because of temperature regime (average 
annual temperature), water availability (dry months), 
rooting condition (rooting depth), and terrain (rock 
outcrops). 
07 
Bukit 
Pandan 
1, 2, 3 Nt,n,s 
Not suitable because of temperature regime (average 
annual temperature), nutrient availability (P2O5), and 
terrain (rock outcrops). 
08 
Lawangu-
ang 
1, 2, 3 Nt,w,n 
Not suitable because of temperature regime (average 
annual temperature), water availability (dry months), 
and nutrient availability (P2O5). 
09 Bakunan 1, 2 Nw,r,n 
Not suitable because of water availability (dry months), 
rooting condition (soil drainage class), and nutrient 
availability (P2O5). 
10 Luang 2, 3 Nt,w,r,s 
Not suitable because of temperature regime (average 
annual temperature), water availability (dry months), 
rooting condition (rooting depth), and terrain (rock 
outcrops). 
11 Rangankau 3 Nn,r,s 
Not suitable because of nutrient availability (P2O5), 
rooting condition (soil drainage class), and terrain (rock 
outcrops). 
Source: Final Land Unit Analysis, 2010. 
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 The matchlessness of the land unit characteristics to the rubber tree requirements are 
mostly caused by (1) temperature regime (t) particularly annual average temperature; (2) water 
availability (w) especially the length of dry months; (3) rooting conditions (r) including soil 
drainage class and rooting depth; (4) nutrient availability (n), specifically availability of 
phosphate (P2O5); and (5) terrain (s), specifically the number of rock outcrops.  
 Furthermore, Table 43 shows that in the Priority 1, 2 and 3 locations, Teweh land units 
have dry months (0 - 3), whereas rubber trees only tolerate 2 months. According to the Central 
Bureau of Statistics of Banjar district (2010), dry months in the Banjar district mostly occur in 
June, July, August, and September. Further, the Teweh land units also have a nutrient limitation, 
i.e. available phosphate (P2O5). Teweh land units just have available phosphate < 10 ppm, 
whereas rubber trees require phosphate at least 10 ppm. Like the Teweh land units, Maput land 
units are also not suitable for rubber tree plantations because of a deficiency of phosphate (P2O5). 
Even the Maput land units have a terrain factor problem: rock outcrops. The Teweh land units 
have 10 rock outcrops while rubber trees tolerate only 2 rock outcrops. Further, the Maput land 
units have problems with annual average temperature, and the length of dry months. The Maput 
land units have annual average temperature 20 - 31 ºC, while the rubber tree species require at 
least 23 - 22 ºC (temperature 23 ºC is better than 22 ºC). 
 Further, the Maput land units have dry months 0 - 4, while the rubber tree species 
tolerate 2 months. For the Pakalunai land units, besides having problems with annual average 
temperature, available phosphate, and rock outcrops, the land units have also a problem with 
rooting depth. In this case, rooting depth of the Pakalunai land units is 76 - 100 cm, whereas the 
need of the rubber tree cultivars is at least 80 - 129 cm. Yet, according to the Central Bureau of 
Statistics of Banjar district (2010), the effectiveness of soil depth for roots to take water in the 
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Banjar district, i.e. generally (66.45%) happens at more than 90 cm deep, 18.72% at 60 - 90 cm, 
and 14.8% at 30 - 60 cm deep. Like the Maput land units, Mantalat land units have also problems 
with annual average temperature, the length of dry months, and availability of phosphate, but 
they do not have a problem with the rock outcrops. Next, Honja land units just have the 
limitation of terrain factor (rock outcrops). The Honja land units have 5 rock outcrops, while the 
rubber trees tolerate only 2 rock outcrops. Pendreh land units have the same limitations with the 
Maput land units, except that the Pendreh land units have no data about availability of nutrients. 
Furthermore, Bukit Pandan land units are similar to the Pakalunai land units, but they do not 
have a problem with rooting depth. In addition, Lawanguang land units have limitations in 
annual average temperature, the length of dry months, and availability of phosphate. The land 
units have annual average temperature 21 - 33 ºC, dry months 0 - 4, and very low available 
phosphate (< 10 ppm), while rubber trees require at least annual average temperature 23 - 22 ºC, 
dry months 0 - 2, and low available phosphate (< 10 - 15 ppm). 
 In the Priority 1 and 2 locations, Bakunan land system units have limitations in the 
length of dry months, soil drainage, and availability of phosphate. These land system units have 
0 - 5 dry months, poor drainage, and very low (< 10 ppm) available phosphate. Meanwhile, the 
rubber tree cultivars tolerate 2 dry months, somewhat poor soil drainage, and require at least 10 
ppm of phosphate.  
 In Priority 2 and 3, the Luang land system unit has limitations with temperature regime, 
especially annual average temperature. Luang has annual average temperature ranging from 18 
to 33 ºC, while the limit required by the rubber cultivars is 22 ºC. Further, the length of dry 
months in Luang is 0 - 5 months, whereas the rubber tree species tolerates only 2 months. Also, 
the Luang land system unit has rooting depth 76 - 100 cm, while the rubber tree cultivars need at 
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least 80 cm. In addition, the Luang land system unit has 5 rock outcrops, whereas the rubber tree 
species tolerates only 2 rock outcrops. 
 The last land system unit is Rangankau. This land unit exists only in the Priority 3 
location and has a very small area (3.95 ha). This land system unit emerges because of 
Generalization analysis resulting in the increase or decrease of a land unit size. In the land 
suitability analysis, this land unit has bad soil drainage, limited available phosphate, and many 
rock outcrops. 
3.1.6 Interpretation of the Results of Land Suitability Analysis 
 Djaenudin et al. (1993) contended that through the results of land suitability analysis, 
land suitability classes in actual (A) and potential (P) condition can be obtained. In the 
assessment of land condition, it necessary to pay attention to assumptions that will be used, 
including management and technology levels that will be applied. 
 Land suitability class in actual conditions constitutes land suitability based on data 
from survey results or natural resources where the input needed to solve the limit factors are not 
considered yet. The limit factors can be physical environmental factors, including land 
characteristics in relation to tree growth requirements that are analyzed. Furthermore, potential 
land suitability is the condition of land that will be achieved with treatment or improvement. Yet 
in the improvement of land conditions, economic factors must be considered. As long as the 
improvement is profitable, meaning that the production value is higher than investment value, 
the improvement is still feasible. 
 In addition, according to Djaenudin et al. (1993), the result of land analysis is one of the 
criteria for selecting agricultural commodities that will be developed in certain site. When 
selecting a commodity, not only the land suitability classes, but also the economic values of the 
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commodity should be taken into account. For instance, a land area is classified as marginally 
suitable (S3) for soybean after land evaluation, but it is suitable (S2) for cassava plant. In this 
case, the plant to be prioritized for development is the soybean because the soybean plant has 
better market potential and price. So, besides considering land suitability analysis, analysis of 
agricultural enterprises and marketing, and socioeconomic analysis should be done integrally. 
Furthermore, Sitorus (1985) asserted that in land suitability and capability systems, 
socioeconomic criteria are also important and in fact dominant criteria in determining values and 
optimal land uses. 
 However, McKinley (1997) declared that a potential Christmas tree producer, for 
example, should emphasize the selection of a site with the best characteristics. A landowner 
cannot simply select a species according to the local market price of the crop. It could be better 
to succeed in a less profitable enterprise than to fail at Christmas tree production because the site 
was inappropriate. 
 So land suitability analysis is not the only one factor used to determine whether or not a 
tree species is viable to plant. Based on the statements above, the land suitability analysis pays 
more attention to socio-economic factors as long as the trees still survive in a certain site over a 
long-term period. Yet, with a land suitability analysis, at least it can provide information about 
limiting factors and proper treatments needed to solve the limiting factors.  
3.1.7. Financial Analysis 
 In financial analysis, tree species analyzed is the favorite tree species to both the local 
communities and other stakeholders for tree plantations, i.e. rubber tree cultivars. Furthermore, 
in maximizing the income of local communities, the agroforestry systems were employed in 
accordance with the systems applied by the local communities in the field.  
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 In particular, in financial analysis of rubber tree cultivars, an age rotation from year zero 
(0) to year 25 was applied. The year 25 is assumed as the productive age limit for rubber trees to 
produce latex and wood. According to Nazaruddin and Paimin (1992), the productive age of 
rubber trees can reach 25 - 30 years, but if they are tapped every day, the productive age will 
only be 16 - 18 years because the everyday tapping will result in decreasing the rubber tree bark 
earlier. Further, they said that in the year 25 - 30, rubber trees can be cut for wood industries. 
 Also in the financial analysis, several calculation standards were used, as shown in the 
table of financial analysis (Appendix E and Appendix F). However, some calculation standards 
and assumptions do not appear in the analysis tables; they can be seen in Table 44. These 
standards and assumptions are based on some references and the results of interviews with the 
local communities and experts. 
Table 44. Some Calculation Standards and assumptions applied in Financial Analysis 
No. Item Remark 
01 Land area 1 hectare (ha) 
02 Spacing 5 m x 4 m = 20 m2 
03 Number of trees per ha 10,000/20 = 500 trees 
04 Latex production  Latex production is based on the research of Rafi’i (2004) 
05 Seedling price Rp.3,606.25/seedling 
06 Latex price/kg Rp.12,500 
07 
Survival percentage of 
seedling 
82.125% 
08 
Death percentage of 
seedlings 
17.875% consisting of 10.73% (year 1), 5.36% (year 2), and 
1.79% (year 3) 
09 Replanting cost Death percentage of seedlings x 500 x seedling price 
10 Replanting percentage Year 1 = 60%, Year 2 = 30%, and Year 3 = 10% 
11 Cutting circle 25 years (productive maturity) 
12 Labor system Hired labor and community’s own labor 
13 Land rent/land value 
In infinite rotation, land rent/land value is included because it 
is assumed that the tree rubber growers will continuously 
plant rubber after the rubber trees in the first rotation, while in 
finite rotation, the land rent is excluded. 
14 Tax  
Tax is zero (0) because it is assumed as a subsidy from the 
Government.   
15 
Social Opportunity Cost of 
Capital/Social Discount 
Rate/Interest rate 
12% is the current interest rate per year in the Bank 
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 The reasons for applying latex production based on the research result of Rafi’i (2004) 
are (1) Rafi’i conducted a real measurement of latex production based on the ages (planting 
years) of the rubber trees in the field, (2) latex production based on the results of interviews with 
the local communities tends to be overestimated. Based on the interviews with the local 
communities, the collected data showed that latex production is 0.18 kg/tree on average. 
Likewise, Fahrizal (2011) found that latex production is 20 kg/ha/day or 20 kg/500 trees = 0.04 
kg/tree). Actually, normal production of estate plantations is 1,200 kg/ha/year or 0.009 kg/ tree/ 
day, and (3) the respondents do not have rubber trees with ages reaching 25 years. 
3.1.7.1 Labor Systems 
 In the financial analysis, it was applied two kinds of labor systems: hired labor and 
community’s own labor systems.  
3.1.7.1.1 Hired labor systems 
 In the hired labor system, some activities in establishing rubber tree plantations are 
assumed to be conducted by laborers, such as wood harvesting, cutting and burning scrubs and 
bushes, spraying herbicide, lining and making planting holes, planting, and tapping latex. In 
addition to labor costs, other costs are timber transport, seedlings for planting and replanting, 
herbicide, and fertilizer. According to Table 44, those costs must be covered by local 
communities before harvesting latex in the year 6. With the hired labor system, the local 
communities need as much as Rp.8,301,684, starting from  year 0 until  year 5, which totals 
Rp.1,383,614 per year. After year 5 (year 6 until year 25) the local communities will get a profit, 
as much as Rp.22,289,823, per year on average. The highest profit will be achieved in year 15, 
when latex production is at the maximum level (Rp.36,933,149). 
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 Based on financial analysis (Appendix E), in the hired labor system, with an interest 
rate of 12% per year, Net Present Value (NPV) = Rp.80,989,226 and Benefit Cost Ratio (B/C) = 
1.78. And when the NPV = 0, Internal Rate Return (IRR) = 43.34% (Appendix G). Based on the 
three investment criteria, rubber tree plantations are feasible because they have NPV > 0, BCR > 
1, and IRR > Social Opportunity Cost of Investment. According to Kadariah et al. (1978), in the 
project evaluation, “go” mark can be designated with NPV ≥ 0. If NPV = 0, the project exactly 
returns Social Opportunity Cost of Capital. If NPV < 0, the project is rejected, meaning that there 
is another use more profitable purpose for the resources used in the project. Further, BCR is 
commonly used in government projects or projects with big scales so that their benefits and 
outputs vertically and horizontally can be considered further at primary, secondary, tertiary 
levels. Furthermore, Kadariah et al. (1978) contended that if IRR of a project/activity is equal to 
the current interest used in the Bank as Social Discount Rate; NPV of the project/activity is equal 
to zero (0). If the IRR is less than Social Discount Rate, NPV is also less than zero (NPV < 0). 
Therefore, if IRR of a project/activity is greater than Social Discount Rate, this designates that 
the project/activity “go.” On the contrary, if IRR of a project/activity is less than the Social 
Discount Rate, the IRR designates that the project/activity “no-go.” 
3.1.7.1.2 Community’s own labor 
 In the community’s own labor system, all activities that need wages are removed in the 
financial analysis (Appendix F). This system mostly applied by the local communities in the 
research area. Based on the interview with the local communities, 95% of head of households 
maintain rubber tree plantations with their wives. The rests are done by laborers. The latter is 
applied by the communities that have rubber plantations of more than 2 ha because they cannot 
handle their rubber plantation activities, especially in terms of tapping latex. 
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 With the “community’s own labor system,” structure of input and output in the financial 
analysis is different from the communities applying “hired labor system.” Detail of the 
differences can be seen in Table 45.  
Table 45. Structure of Input and Output of Financial Analysis of Rubber Trees (Community’s 
Own Labor) 
No. Item Hired Labor Community’s Own Labor 
01 
Total initial costs   
(year 0 to year 5) 
Rp.8,301,684 Rp.5,495,434 
02 Total income Rp.905,962,250 Rp.905,962,250 
03 
Average income/year   
(year 6 to year 25) 
Rp.46,474,238 Rp.46,474,238 
04 Total cost Rp.471,073,279 Rp.21,292,154 
05 Cost Income Ratio 51.10% 2.35% 
06 
Average cost/year  
(year 0 to year 25) 
Rp.18,118,203 Rp.818,929 
07 
Average net income/year 
during rotation (the year 6 to 
the year 25) 
Rp.22,289,823 Rp.45,371,943 
08 
Maximum net income in the 
year 15  
Rp.36,933,149 Rp.75,238,524 
09 NPV (interest rate 12%) Rp.80,989,226 Rp.176,044,446 
10 BCR (interest rate 12%) 1.78 21.29 
11 IRR 43.34% 66.35% 
 With the community’s own labor system, the local communities should prepare money 
of the amount of Rp.5,495,434 starting from year 0 until year 5, or Rp.915,906 per year. After 
the year 5 (the year 6 until the year 25) the local communities will get profit in the amount of Rp. 
45,371,943 per year on average. The highest profit (Rp.75,238,524) will be received in year 15, 
when the rubber trees produce maximum latex. 
 Based on the financial analysis in the community’s own labor system, with the interest 
rate 12% per year, Net Present Value (NPV) = Rp.176,044,446 and Benefit Cost Ratio (BCR) = 
21.29. And when the NPV = 0, Internal Rate Return (IRR) = 66.35% (Appendix H). Based on the 
three investment criteria, rubber tree plantations are feasible to be cultivated because NPV > 0, 
BCR > 1 and IRR > Social Opportunity Cost of Investment (12%).  
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 The second and the third priorities of tree species for tree plantations based on the local 
community preferences are candlenut and durian tree species. Candlenut trees produce nuts 
annually for consumption and raw materials for industries. In addition, candlenut wood is also 
good for industries. Further, durian is mainly classified as a fruit tree because durian fruit has a 
high price. Also, durian wood is good for construction and industries. Those are the reasons the 
two species are classified as multi-purpose tree species. Yet, the two species are less profitable 
than rubber trees because the rubber trees produce latex every day. Moreover, durian tree species 
have a problem with marketing. Durian fruits are perishable, so they have to be marketed in a 
short time, in which means that they cannot be cultivated in a vast area. 
 Suyanto et al. (2007) have conducted a research with the purpose of finding out the 
superior tree species in the Banjar district. Based on their research results, durian (Durio 
zibenthinus), rubber (Hevea brasiliensis), and langsat (Lansium domesticum) trees are classified 
as the first, second, and third superior tree species for cultivation in the Banjar district. 
Furthermore, Suyanto et al. (2007) explained that durian, rubber, and langsat trees provide 
income at the amount of Rp.33,750,00; Rp.30,577,500; and Rp.27,944,286/ha/year respectively. 
In their study, the income was calculated from production of one hectare for each species. So, 
Suyanto et al. (2007) assumed that each tree species is planted in the area of at least one hectare. 
But in reality, there is no person planting durian and langsat trees in the area of one hectare 
because of harvesting and marketing problems. They have to be harvested and sold in a short 
time because the fruits are perishable. In addition, when Suyanto et al. (2007) did surveys, the 
price of latex was Rp.4,500/kg, but now the price is Rp.12,500. So the income from rubber trees 
should be Rp.84,937,500/ha/year. So rubber trees should be classified as the first superior tree 
species in Banjar district. 
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 In addition to candlenut species, the South and Central Kalimantan Production Forest 
Project (2002) has conducted financial analysis of candlenut tree plantations. With a hired labor 
system, IRR = 9%, while with a community’s own labor system, IRR = 18%. Comparing to 
rubber tree plantations, with a hired labor system, IRR = 43.34% and with a community’s own 
labor system, IRR= 66.35. This difference takes place because the candlenut trees produce nuts 
annually, whereas the rubber trees yield latex daily. Therefore, rubber trees are the most 
profitable species for tree plantations because of consistent production, and they do not have 
problems with harvesting and marketing because latex is not perishable. In conclusion, rubber 
trees are the best species for tree plantations. 
3.1.7.2 Agroforestry Systems 
 In optimizing their income, the local communities are applying agroforestry systems 
when planting rubber trees. They combine rubber trees with agricultural crops such as ginger 
(Zingiber officinale), turmeric (Curcuma longa), peanuts (Arachis hypogaea L.), and rice (Oryza 
sativa). Based on financial analysis, the most profitable system is the combination of rubber trees 
and ginger, especially white big ginger (Zingiber officinale var. officinarum), followed by the 
combination of rubber trees and turmeric, the combination of rubber trees and peanuts, and the 
combination of rubber trees and rice, with net income Rp.30,062,333; Rp.9,812,333; 
Rp.5,200,000; and Rp.4,580,000/ha/year respectively. 
 According to the local communities in the village samples, the advantages of planting 
ginger are that ginger has high production (10 ton/ha/year) and a high price (Rp.5,000/kg), and it 
propagates with rhizomes. With this propagation system, the ginger does not have to be planted 
every year because new plants grow from the rhizomes. Similarly, turmeric also propagates with 
rhizomes, it has higher production (15 ton/ha/year), but its price is lower than the ginger price 
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(Rp.1,250/kg). In addition, the two kinds of plants are resistant against pests. The only problem 
is that they are sensitive to diseases, so that they can only be harvested 2 - 3 times in the same 
site.  
 Unlike ginger and turmeric, peanuts do not propagate with rhizomes, but with seeds, so 
they have to be planted every planting season. Moreover, they have low production (900 
kg/ha/year), although they have a higher price (Rp.15,000/kg). The problem is that they need 
intensive labors because they have to be looked after every night to avoid pest attacks, 
particularly mouse and hog attacks. However, one advantage in planting peanuts is they make 
soils fertile because the peanut is classified as legumes, which can do mutual symbioses with 
bacteria and fix nitrogen from the air. According to Brady (1990), the symbiosis of legumes and 
bacteria of the genus rhizobium is responsible for the major biological source of fixed nitrogen in 
agricultural soils. 
 The last agricultural crop is rice. Rice has low production (2.5 ton/ha/year) and has a 
low price (Rp.3,000/kg). In addition, it needs intensive labors. It has to be watched every night; 
otherwise, it will be attacked by pests such as mice, monkeys, and hogs. And during daytime, 
especially when the rice is going to be harvested, it has to be watched from bird attacks. 
 So the most profitable agroforestry system is the combination between rubber trees and 
ginger. Although the ginger can only be harvested 2 - 3 times under the rubber trees, this 
situation is appropriate for the agroforestry system, where the agricultural crops can only survive 
for three years under the rubber trees because at that time the rubber tree crowns or canopies will 
hamper the crops from sun light. However, the local communities always plant rice every year to 
fulfill their staple food. Their principle is that they have to plant their staple food first and then 
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plant other plants, although the other plants are more profitable. So the most important thing to 
do first is to save their lives. 
3.1.7.3 Harvesting decisions  
 In supporting the local community income, besides financial analysis, the economic 
potential of the preferred tree species (rubber trees) was also analyzed, particularly for answering 
the question about when the local communities should cut down the rubber trees. According to 
Howe (1979), the optimum rotation of a forest occurs when the total annual costs equal the 
annual increase in stumpage value. Furthermore, Howe (1979, p. 227) suggested a rule for 
determining the optimal rotation: “allow the trees to continue growing as long as the annual 
increase in the stumpage value exceeds the interest foregone on the stumpage value plus the 
rental value of newly planted land.” Also, Hartman (1976, p.54) asserts: “In the absence of 
recreational value, a forest should be harvested when its rate of growth equals the discount rate. 
With recreational value, however, the forest should be harvested when the rate of growth is less 
than the discount rate. Naturally, this is achieved by delaying the harvest.”  
 In this study, the Hartman Model in Amacher et al. (2009) was used in determining the 
optimum rotation for rubber tree plantations. The reason is that the Hartman model determined 
the optimum rotation of tree plantations based on the maximum Net Present Value (NPV). 
Because the commercial value of rubber tree cultivars is from latex, it is better to prioritize latex 
production as a dominant factor in determining the optimum rotation for rubber tree plantations. 
And the latex production is reflected by NPV. Further, to maximize the NPV, the Hartman model 
applied this formula: 
W = V + E, where: 
                                                                            T 
V = (1 – e-rT)-1[pf(T)e-rT – c] and E = (1 – e-rT)-1∫o F(s)e
-rs
ds. 
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where V = the net present value of harvesting over an infinite sequence of rotations. The variable 
E is the present value of amenity services over infinite sequence of rotations. Yet, in this 
analysis, variable E was ignored because benefits taken account of in community rubber tree 
plantations are direct benefits from a forest that can be directly sold by local communities. So, 
only latex and timber (wood) were considered as products from rubber tree plantations included 
in the model. In addition, all tree species can produce amenities at almost the same values. So, 
the model becomes:  
V = (1 – e-rT)-1[pf(T)e-rT – c]. If the continuous discount factor is changed to integer values, and 
then this equation changes to: 
                 1 
V = ----------------- [pf(T)/(1+r)
T – c] 
       (1 – 1/(1+r)T) 
 
       [pf(T)/(1+r)
T – c] 
V = --------------------- 
        (1 – 1/(1+r)T) 
 
where: 
p = price of product 
f = volume of product 
T = time needed for growing trees in certain period (year) 
c = costs for growing trees. 
If this formula is applied to the financial analysis structure, the Hartman equation becomes: 
                                      B1 – C1                               BT – CT 
                   (B0 – C0) + ---------- +   -   -   -   -   - + -------------- 
                                        1 + r                                   (1 + r)
T
 
VT =  
                                                                1 
                                                    1 – ------------ 
                                                           (1 + r)
T
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where: 
                                   n 
Benefits for zero (0) age (year):   B0 =    ∑  Benefits j (0) 
 j = 1 
 
 n 
Costs for zero (0) age (year):   C0 =    ∑  Costs j (0) 
 j = 1 
 
 n 
Benefits for other years:   BT =    ∑  Benefits j (T) 
 j = 1 
 
 n 
Costs for other years:   CT =    ∑  Costs j (T) 
 j = 1 
Finally, the optimal rotation period is achieved by choosing age (year) that maximizes Net 
Present Value (NPV).  
 The model above employs “infinite rotations.” Infinite rotation means that single 
rotation plus land value for next rotations. In this case, land value can be based on non-forestry 
losses, other forest uses, or rubber plantations. In this analysis, it is assumed that the rubber tree 
growers will continuously plant rubber trees for the next rotation, so that the land value discussed 
here is the rubber tree plantation value. In addition, in this analysis, the rubber tree plantation 
value that has been discounted is added to the single rotation system because the land of rubber 
tree plantations will be used for rubber tree plantations for future rotations.  
 Based on the model above, the NPV of rubber tree plantations with hired labor system 
can be seen in Figure 51.  
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  Figure 51. NPV with a Hired Labor System. 
 In addition, the NPV of rubber tree plantations with the community’s own labor system 
is presented in Figure 52. Based on Figure 51 and Figure 52, with the interest rate of 12% per year 
either with a hired labor system or a community’s own labor system, the model fails to maximize 
NPV. The NPV still increases beyond the year 25 of rubber tree age, although the increase 
declines after reaching a maximum value in the year 15. This means that until the year 25, rubber 
trees still provide significant income from latex. And this makes the rubber trees cultivars 
different from both natural forests and industrial forest plantations. When the income of rubber 
trees was lowered by applying the hired labor system, the model maximized the NPV, i.e. with 
the interest rates ranging from 1% to 6% per year the maximum NPV took place at the year 22 of 
rubber tree age, and with interest rates ranging from 7% to 8% per year the maximum NPV was 
reached at the age 23 years. This means that it is likely that beyond the year 25, with the current 
interest rate 12%, the maximum NPV will be achieved. So, to find out the age that maximizes 
NPV, observation should be done beyond the age 25 years, but the problem is that the local 
communities and estate rubber trees mostly cut down the rubber trees in year 25. The cause is the 
production of latex at this age is less that the production of latex at the age of 6 years, when the 
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rubber trees start to sap. Due to this, the rubber tree growers envisage that before cutting the 
rubber trees, they have started planting a new plantation, so that when cutting the old rubber tree 
plantation, they will start sapping the new rubber tree plantation. 
  
  Figure 52. NPV with Community’s own Labor System. 
 As shown in Appendix E and Appendix F, latex production in year 6 is 0.0157 kg/tree 
and in year 25 is 0.017 kg/tree. Although latex production in year 25 is still greater than latex 
production in year 6, latex production in year 7 is 0.0190 kg. So if the cutting period is 
postponed for one year, the communities will lose money because the latex production of rubber 
trees in the year 7 is greater than in the year 25.  
3.1.8 The Most Suitable and Profitable Lands for Tree Plantations 
 The output of this study is prioritized land units with specific tree species and 
cultivation systems. The prioritized land units are the most suitable and profitable land units. The 
most suitable land units are the land units that have good criteria physically and spatially. The 
physical criteria are land covers, slopes, soils, and rainfall, while the spatial criteria are proximity 
to roads, villages, and industries. So the most suitable land units for tree plantations are the land 
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units that have good land covers, slopes, soils, and rainfall, and the land units that are close to 
roads, village, and industries according to the community’s preferences. The results of this study 
shows that the most suitable land units are the land units included in the Priority 1 areas. These 
areas consist of Maput (2 land units), Teweh (3 land units), Bukit Pandan (5 land units), Honja (1 
land unit), Pendreh (6 land units), Pakalunai (3 land units), Mantalat (5 land units), Lawanguang 
(1 land unit), and Bakunan (1 land unit). Moreover, Maput and Teweh are the land system 
groups, i.e. the land units dominating the Priority 1 areas. These two groups of the land system 
units occupy 70.43% from the total of the Priority 1 areas (36,933.07 ha). 
 Furthermore, the most profitable land units are the most suitable land units that are 
planted with the most profitable species and preferred by the local communities. Based on this 
research result, the most profitable and preferred species is rubber trees. So the most suitable and 
profitable land units are the Priority 1 areas that will be planted with rubber tree species. 
Although the research results show that rubber tree cultivars are not suitable for a tree plantation 
in the Priority 1 areas and other areas, the rubber trees still provide the highest net income to the 
local communities. 
  In addition, the agroforestry or cultivation system that provides the highest net income 
is the combination of rubber tree cultivars and ginger. So the prioritized land units with specific 
tree species and cultivation systems are the Priority 1 areas that should be planted with the 
combination of rubber tree and ginger species. Moreover, this system is supported by the 
Director of Forestry Production Development Regulation No. P.06/VI-BPHT/2008, which states 
that rubber tree species is one of the major tree species for the “People’s Plantations” program, 
and this species is grouped as a multi-purpose tree species that should be planted in agroforestry 
systems (Ministry of Forestry of Republic of Indonesia, 2007b). 
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3.2 Discussion 
3.2.1 Spatial Analysis 
 In the spatial analysis, particularly in the Euclidean distance process of villages in and 
around the production forest areas, a problem of buffering the villages was encountered. In short, 
not all villages got buffered when buffering them. It seemed that the sole village locates around a 
village group did not get buffered, but the village group got buffered. Although this process was 
done repeatedly, the result was the same. The result of this buffering is shown in Figure 53.  
  
 Figure 53. Buffering Villages with Euclidean Distance 
in and around Production Forests. 
 Based on Figure 53, there are at least 15 villages/hamlets from 60 villages/hamlets in 
and around the production forest areas that did not get buffered. This disadvantage affected the 
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spatial analysis result and determining values at each cell in the raster layers. This problem has 
been explained in the buffering process in ESRI (2008), which states that “when performing a 
buffer on a coverage that contains island polygons, all the polygons with a buffer distance greater 
than zero get buffered. However, since the island buffer is entirely within its surrounding 
polygon buffer, it is dissolved into the surrounding polygon during the buffer’s dissolve phase 
and the island buffers will not be visible.” As an alternative, in this case, a ‘Multiple Ring 
Buffer’ was applied. After buffering all villages/hamlets in and around the production forest 
areas, all of the villages got buffered as shown in Figure 54.  
  
 Figure 54. Buffering villages with Multiple Ring Buffer. 
It is explained in ESRI (2011b) that with the multiple ring buffers, each buffer for each feature in 
the input features is maintained as an individual feature in the input feature class, regardless of 
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overlap. Yet, the buffered lines based on the multiple ring buffering are not as smooth as the 
buffered lines based on Euclidean distance buffering process.  
3.2.2 Land Suitability Analysis 
 The results of this study show that all land system unit groups are not suitable for 
rubber tree plantations, with most limiting factors being Temperature Regime (t) particularly 
annual average temperature; Water Availability (w), especially the length of dry months; 
Rooting Conditions (r), including soil drainage and rooting depth; Nutrient Availability (n), 
specifically availability of phosphate (P2O5); and terrain (s), particularly the number of rock 
outcrops.  
 Based on land suitability analysis, rubber trees are not suitable to plant in the 
production forest areas in Priority 1, Priority 2, and in Priority 3 locations. But in fact, local 
communities in Kalimantan have been planting rubber trees in their land, so that from the 
historical point of view, the local communities have been familiar with rubber tree plantations. 
According to Dove (1993), local communities in Kalimantan started planting rubber trees in the 
early 1930s, and they associated rubber trees with swidden cultivation of food crops.  
 In addition, rubber trees become a main source of the local communities’ income, 
although the price and production of rubber latex were very low. According to the Government 
of Indonesia (1991) in Dove (1993), rubber is one of Indonesia’s major sources: a major source 
of house income for eight million people, and the country’s largest agricultural generator of 
foreign exchange that makes Indonesia the world’s second-largest rubber producer. And 75% of 
the bulk of Indonesia’s rubber is produced in tiny gardens of a hectare or so, with century-old-
technology, by “smallholders.”  
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Furthermore, according to the Golliath Business News (2008), the prices of natural rubber fell; 
hitting rock bottom toward the end of the 1990s and early 2000s. The price was only US$ 0.50 
per kg in the year 2001. In October, 2006, the price has shot up to around US$ 1.5 per kg. Based 
on this reality, particularly from the perspective of history, culture, and desires, rubber tree 
plantations are still possible to be established for the local communities. Based on the data 
above, although the price of rubber was very low, the local communities were still interested in 
planting rubber trees. Since the price has risen, the local communities will be more motivated to 
plant rubber trees.  
 Moreover, the results of the land suitability analysis in this study show land suitability 
based on actual conditions, so the condition can be evaluated based on the potential conditions of 
the land for further development. This can be done by identifying improvements needed for 
development according to the land quality groupings of land characteristics below: 
1. Temperature Regime  
 Land system unit groups (Maput, Pakalunai, Mantalat, Pendreh, Bukit Pandan, Luang, 
and Lawanguang) have a problem with annual average temperature, and according to CSR/FAO 
staff (1983), there is no improvement possible for this limitation. 
2. Water Availability 
 Land system unit groups (Teweh, Maput, Mantalat, Pendreh, Luang, and Lawanguang) 
actually do not have a lack of water, but they have an uneven distribution of dry months. The dry 
months ranging from 0 - 5 months, while growth requirements of rubber trees just tolerate at 
least two dry months continually in one year. According to CSR/FAO Staff (1983), the lack of 
dry months can be improved with irrigation works, but this needs high input and requires 
government funds or long-term credit to the land owner. 
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3. Rooting Condition 
a. Soil drainage 
 Land system groups (Bakunan and Rangankau) have a problem with soil drainage. 
According to CSR/FAO Staff (1983), this problem can be solved with artificial drainage, but this 
needs high input and requires government funds or long-term credit to the land owner. 
b. Rooting depth 
 Land system unit groups (Maput, Pakalunai, Pendreh, and Luang) have a problem with 
rooting depth. In solving this problem, CSR/FAO Staff (1983) stated that generally there is no 
improvement possible if the root restricting layer is thick. If the root restricting layer is thin, then 
the mechanical break-up of the layer may be possible to solve the problem. 
4. Nutrient Availability 
 Available phosphate (P2O5) is one of the land characteristics from land quality of 
nutrient availability that cannot meet the rubber tree growth requirements. Most land system unit 
groups (Teweh, Maput, Pakalunai, Bukit Pandan, Lawanguang, and Rangankau) have a problem 
with available phosphate (P2O5). According to CSR/FAO Staff (1983), fertilizer applications for 
Not Suitable (N) rating needs moderate input that can be borne by the land owner with credit.  
 Brady (1990) stated that they are at least three phosphorus problems: first, soils have 
low level of total phosphorus; second, unavailability of the native phosphorus compounds for 
plant uptake; third, when fertilizers and manures are added to soils, they are fixed or changed to 
unavailable forms and in time react further, becoming highly insoluble forms. In addition, 
according to Foth (1990), fixation of fertilizer phosphorus results in low uptake of the fertilizer 
phosphorus during the year of application. Therefore, repeated use of phosphorus fertilizers 
result in an increase in soil phosphorus content.   
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 In addition, Brady and Weil (2008) stated that most phosphate is fixed at very low and 
very high soil pH.  If this condition is referred to soil pH (4.5 - 5.0) at the research location, the 
low soil pH is considered as one of the causes of phosphate deficiency. Furthermore, Brady and 
Weil (2008) explained that as pH increases from below 5.0 to 6.0, the phosphate becomes more 
soluble, and by applying proper liming and acidification, phosphorus availability can be 
optimized in most soils. Additionally, according to Charman and Murphy (2007), the only 
economical way to reverse acidity in the soils is applying lime. And Brady (1990) stated that 
acidity of soils can be reduced by adding agricultural lime in the soils.   
5. Terrain 
a. Rock outcrops 
 The most serious problem of all land system unit groups for rubber tree plantations is 
rock outcrops. Of the 11 land system unit groups, only 3 do not have a problem with the rock 
outcrops: Teweh, Lawanguang, and Bakunan. According to CSR/FAO Staff (1983), there is no 
improvement possible for solving this problem. 
 In the case of rubber tree plantations, although the species are not suitable to be planted 
in the Banjar district based on land suitability analysis, they are still preferred by the local 
communities because rubber tree plantations are still more profitable than other tree species. 
According to Djaenudin et al. (1993), the result of land analysis is just one of criteria in selecting 
agricultural commodity that will be developed in a certain site. In selecting a commodity not 
only based on land suitability class, but also based on the economic values of the commodity. 
For instance, a land area is classified as marginally suitable (S3) for soybean (Glycine max) after 
land evaluation, but it is suitable (S2) for cassava (Manihot utilissima). In this case, the plant to 
be prioritized for development is the soybean because the soybean plant has a better market 
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aspect and price. So, besides considering land suitability analysis, analysis of agricultural 
enterprises and marketing, and socioeconomic analysis should be done integrally.  
 However, McKinley (1997) declared that a potential Christmas tree producer, for 
example, should emphasis the selection of a land with the best characteristics. A landowner 
cannot simply select a species according to the local market price of the crop. It could be better 
to succeed in a less profitable enterprise than to fail at Christmas tree production because the site 
was inappropriate.  
 In the case of rubber tree plantations, although the rubber tree requirements do not 
match the land characteristics, they still survive in Kalimantan and produce latex and wood as 
the main source of income for the local communities in and around the forests. In addition, 
although the price of rubber was very low, the local communities were still interested in planting 
rubber trees because the species or the cultivars are still more profitable than other tree species. 
With the price higher, now the local communities will be more motivated in planting rubber 
trees. Additionally, some limiting factors hampering the growth of rubber trees in Kalimantan 
can be reduced with fertilizing, liming, and maintenances. So the rubber trees are the favorite 
species of the local communities for tree plantations in the production forest areas of the Banjar 
district through the “People’s Plantations” program. 
3.2.3 Preferred Tree Species 
 Based on the interviews with the community and non-community stakeholders, most 
tree species preferred by the respondents are included as tree species for the People’s Plantations 
program. Yet, coffee tree species, which are preferred by the community stakeholders (53.2%), is 
not included in the program. This may be because coffee trees are considered to be scrubs or 
small trees. In addition, they are not also grouped as crop plants because they are annual plants 
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that have a long rotation. So coffee tree species should have a specific group plant because they 
are not included as main trees and crop plants as indicated in the People’s Plantations program. 
 On the basis of local community desires, coffee tree species should be recommended to 
the government so that the species is included as a tree species in the program of People’s 
Plantations. Technically, coffee trees can be planted in agroforestry system because they need 
shelter from other higher trees. In addition, the can also be combined with crop plants such as 
peanut, ginger, turmeric, corn, and vegetable plants before the canopies of the coffee trees 
become continuous. So this will be a specific combination in an agroforestry system because 
vertically this system will combine three kinds of plants: main trees, scrubs, and crop plants.  
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CHAPTER IV:  
CONCLUSIONS AND SUGGESTIONS 
4.1 Conclusions 
1. Based on physical and spatial analyses, priority land units differ among communities in 
different villages. This happened because the communities determined ranking of land 
characteristics and weights of criteria based on the local environmental situation and 
conditions in and around their villages resulting in different preferences among communities. 
And in fact, situations and conditions differ among the villages. The situations and conditions 
include land covers, slopes, soils, and rainfall around the villages, and the distance of land 
units to villages, roads, and markets.  
2. Non-community and community stakeholders differ on their prioritization of suitable lands 
for tree plantations. The reason is that the assigned ranks to each land characteristic and 
assigned weights to each criterion differ among these stakeholder groups.  
  In terms of land characteristics, especially with respect to the land cover, the non-
community stakeholders assigned secondary forest lands to the first rank followed by 
industrial tree plantation areas, scrub/shrub lands, agricultural land plus bushes, barren/grass 
lands, and agricultural lands, whereas the community stakeholders placed scrub/shrub lands 
at the first rank, followed by secondary forest lands, agricultural lands plus bushes, 
barren/grass lands, agricultural lands, and the last ranks is industrial plantation areas. With 
respect to rainfall and soil types, the two groups of stakeholders have the same perception of 
ranking the land. In addition, with respect to slopes, the non-community and community 
stakeholders placed the slopes of 8 - 15%, 2 - 8%, 15 - 25%, and  > 40% at the first, second, 
third, and the sixth rank. But they differed in determining the rank of slopes of 0 - 2% and 25 
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- 40%. The non-community stakeholder assigned the slopes of 0 - 2% and 25 - 40% to the 
fourth and fifth ranks, while the community stakeholder placed them at the fifth and fourth 
ranks respectively. 
  From the standpoint of weighting, the non-community stakeholders gave the highest 
weight to proximity to villages followed by proximity to roads, soil types, land covers, 
slopes, rainfall, and proximity to industries, whereas the community stakeholders provided 
the highest weight to proximity to roads followed by proximity to villages, soil types, land 
covers and slopes, rainfall, and proximity to industries. As a result, most prioritized land 
units follow the roads and are located in and around the villages. 
 In addition, characteristics that are given higher ranks by the non-community 
stakeholders generally have small areas. In contrast, the areas of criterion characteristics that 
are placed at lower ranks have big areas. On the other hand, based on the community 
stakeholders’ preferences, the areas of criterion characteristics that are given higher ranks 
have big areas. In other words, the areas of criterion characteristics that are placed at lower 
levels of ranks have small areas. The underlying reasons are that the community stakeholders 
gave ranks to the criterion characteristics and weights to the criteria based on specific 
conditions in and around their villages, especially the availability of lands, while the non-
community stakeholders mostly based their views on scientific assumptions, regulations, and 
their particular experience in the field.  
3. Based on the interviews with the community stakeholders, prioritized tree species for the 
People’s Plantations Program are rubber (100%), candlenut (63.7%), coffee (53.2%), durian 
(46.8%), teak (33.1%), and langsat trees (12.1%), while the non-community stakeholders 
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prioritized rubber (97.5%), mahoni (52.5%), durian (45%), sengon (35%), candlenut 
(32.5%), and teak trees (27.5%) for the People’s Plantations program.  
4. Based on the land suitability analysis, rubber tree cultivars are not suitable for tree 
plantations in the production forest areas of the Banjar district. The reasons are that the 
rubber trees are limited by environmental factors of Temperature Regime (t), particularly 
annual average temperature; Water Availability (w), especially the length of dry months; 
Rooting Conditions (r), including soil drainage and rooting depth; Nutrient Availability (n), 
specifically availability of phosphate (P2O5); and terrain (s), particularly the number of rock 
outcrops. 
5. Based on culture, habit, and local community desires and motivations, rubber trees are still a 
viable choice for tree plantations. 
6. In specific terms, based on financial analysis, with a Social Discount Rate of Capital of 12%, 
rubber trees are feasible to cultivate with both hired labor and a community’s own labor 
systems. With a hired labor system, Net Present Value (NPV) = Rp.80,989,226, Benefit Cost 
Ratio (BCR) = 1.78, and Internal Rate Return (IRR) = 43.34%. With a community’s own 
work system, Net Present Value (NPV) = Rp.176,044,446, Benefit Cost Ratio (B/C) = 21.29, 
and Internal Rate Return (IRR) = 66.35%. 
 In general, with applying the results this study, that is planting rubber trees around the roads 
and villages will enhance the income of the communities. Planting trees around the roads and 
villages will make the plantation operation easier and cheaper, and rubber trees are the most 
profitable trees compared to other tree species.  
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7. With the current discount rate (12%) and rotation age 25 years of rubber tree plantations, the 
Hartman model failed to maximize the Net Present Value. The reason is that the income from 
latex is still increasing during the rotation.  
8. Finally, although rubber tree cultivars may not be judged as suitable for tree plantations 
based on the land suitability analysis, in fact rubber trees are feasible for tree plantations on 
the basis of the financial analysis, motivation knowledge and aspiration of the local 
communities. 
9. The most profitable system agroforestry is the combination of rubber trees and ginger. 
However, the local communities also value the combination of rubber trees and rice because 
rice is the main source of their staple food. In addition, the local communities combine 
rubber trees and peanuts (a legume) to maintain soil fertility. 
10. On the basis of the community’s preferences, the most suitable and profitable land units for 
tree plantations in the production forests in the Banjar district are those in Priority 1 areas, 
and they should be planted with a combination of rubber trees and ginger. Most the Priority 1 
areas are located in and around the roads and villages because the communities gave a high 
percentage of weights to proximity to roads and villages criteria.  
  According to the regulation of Directorate General of Production Forests, No.P.06/VI-
BPHT/2008 in the Ministry of Forestry of Indonesia (2010), locations of people’s plantations 
should be close to industries, and they should be planted with at least 70% of forest trees and 
30% with other trees such as Multiple-Purpose Tree Species (MPTS). 
  Based on this study, in terms of tree plantation locations, the communities prefer 
planting trees around the roads and villages. They did not consider that proximity to 
industries is an important factor in selecting locations for tree plantations because of bad 
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accessibilities. In terms of tree species to be planted, the communities prefer the most 
profitable tree species such as rubber trees to other tree species. 
11. In determining proximity of land units to roads, and to industries through Euclidean distance 
process, all of the roads and industries got buffered. On the other hand, in calculating 
proximity of land units to villages, not all villages got buffered. As alternative, it was applied 
the multiple ring buffer through proximity in the Analysis Tools in the ArcToolbox of 
ArcMap. 
4.2 Suggestions 
1. Decision-makers in tree plantation planning should be concerned about the desires of the local 
communities because they know specific details of the environmental conditions around them. 
Spatial analysis showed that the non-community and community stakeholders have different 
preferences in selecting locations for tree plantations. The local communities have more 
specific knowledge for determining locations for tree plantations. They ranked characteristics 
of criteria and weighted the criteria based on the location and conditions of fields in and 
around their village, whereas the non-community stakeholders were more general on their 
assessments. The latter assessed locations for tree plantations based on common assumptions 
such as the flatter the slope, the better for tree plantations. In addition, the non-community 
stakeholders assumed that wood industries and rainfall have more important roles in selecting 
locations for tree plantations than did the locals. In fact, the local communities contended that 
the stakeholders outside their local villages had assumptions that were not realistic. 
2. Coffee tree species should be included as tree species for the People’s Plantations program 
because it is profitable and can be planted in agroforestry systems with rubber trees. 
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3. The problems of site suitability of rubber tree cultivars in tree plantations in the production 
forest areas can be alleviated by applying fertilizer (dung or manure) on land units that have 
nutrient deficiency. 
4. In case the land units need high inputs to solve production problems, the local communities 
should conduct proper maintenance for their rubber tree plantation. With good maintenance 
the rubber trees will physiologically resist negative environmental impacts, and will improve 
latex and wood production. Another reason for doing proper maintenance instead of supplying 
a high capital subsidy is that the local communities cannot afford high inputs. If the land units 
have serious problems such that no improvement is possible, they should not grow rubber 
trees, especially, for example, where there are many rock outcrops. 
5. The local communities should rejuvenate their rubber trees when latex production is equal to 
early production when the rubber trees are initially tapped (in year 6). 
6. The observation period should be extended to more than 25 years to determine the effect of the 
current discount rate (12% per year) on Net Present Value (NPV) of rubber tree plantations, 
because during the current rotation age, the NPV still increases and does not achieve the 
optimum economic rotation.  
  The use of rotation of 25 years in this study was because of the available field data of 
rubber tree plantations. When conducting observations, there was no rubber tree plantations 
exceed the age of 25 years in the research location. 
7. Local communities should apply the most profitable agroforestry system; that is, the 
combination between rubber trees and ginger, as well as rice which is, the main source of their 
food and peanuts for improving soil nitrogen fertility. 
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8. Decision-makers should prioritize the most suitable and profitable land units for tree 
plantations, i.e. the Priority 1 areas around the roads and villages that should be planted with 
the combination of rubber trees and ginger to optimize current economic return to the local 
communities. These study results should furnish the regulation of Directorate General of 
Production Forests, No.P.06/VI-BPHT/2008 in the Ministry of Forestry of Indonesia (2010) 
stating that locations of people’s plantations should be close to industries, and they should be 
planted with at least 70% of forest trees and 30% with other trees such as Multiple-Purpose 
Tree Species (MPTS). 
9. The problem of buffering villages through Euclidean distance process can be solved with the 
multiple ring buffers through proximity in the Analysis Tools in the ArcToolbox of ArcMap 
as applied in this study. 
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Appendix A. Questionnaire for farmers 
 
Questionnaire for farmers (Local communities)                                                                No. 
 
GIS-BASED APPROACH TO PARTICIPATORY LAND SUITABILITY ANALYSIS 
FOR TREE PLANTATIONS  
 
 
SUBVILLAGE : 
VILLAGE : 
SUB-DISTRICT : 
 
INTERVIEWING DATE : 
INTERVIEWER : Basir  
ADDRESS 1 : Jl. Papuyu No. 61 Banjarbaru 70714, Indonesia 
ADDRESS 2 : 2102 S Orchard St. APT 201 Urbana, Illinois 61801  USA 
E-MAIL : achmad@illinois.edu 
PHONE NO. : 4773837 (Indonesia), 1-217-542-1521 (USA). 
- Information will be used for: Dissertation Research 
- Informant: the Local Community (the Farmer) 
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Instructions:  
- Circle respondent answers at right side figures. Answers can be more than one, and or 
- Fill out the empty questions with respondent answers, and or 
- Follow the specific instruction of each question! 
1. Do you have most work in agriculture? 
Yes ............................................................. 1 
No .............................................................. 2 (stop). 
If yes, what types of your agricultural activities?       
 Yes    No 
Shifting cultivation .................................... 1          2 
Rubber farm ............................................... 1  2   
Coffee farm ................................................ 1  2 
Banana farm .............................................. 1  2 
Orange farm ............................................... 1  2 
Tree farm (species?)  ................................. 1  2 
Others ........................................................ 1  2. 
2. If you want to open lands for the above activities (No. 2) - choose dominant activities, where 
do you want to do it, with assumption there is no prohibition in cultivating the lands? 
Ex-forest lands ........................................... 1 
Scrubs ........................................................ 2 
Barren lands/grass lands ............................ 3 
Agricultural lands ...................................... 4 
Agricultural lands with bushes .................. 5 
Others ........................................................ 6. 
Your reasons?  
...................................................................................................................................................... 
...................................................................................................................................................... 
3. If you get funding support from the government for planting trees, what species do you prefer 
to plant? List the tree species and order them based on your preference (from the most to the 
least).  
…………………………………….. ......... 
………………………………..…… ......... 
…………………………….………. ......... 
4. What are your reasons in choosing the tree species: 
 Yes No 
Profitable/produce faster ........................... 1 2 
Familiar with the species  .......................... 1 2 
Easy to plant and cultivate ......................... 1 2 
Good market .............................................. 1 2 
Others ........................................................ 1 2. 
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5. What are your purposes in planting the tree species? 
  Yes No  
 Cash.......................................................... 1 2 
 Firewood .................................................. 1 2 
 Inherit to offspring ................................... 1 2 
 Boundary .................................................. 1 2 
 Construction materials ............................. 1 2 
 Natural protection .................................... 1 2 
 Fence materials ........................................ 1 2 
 Ownership mark. ...................................... 1 2 
 Others ....................................................... 1 2. 
 
6. If you want to open lands specially for planting the preferred trees species, where do you want 
to do it, with assumption that there is no prohibition in cultivating the lands? Mark the land 
types below consecutively by putting number at left side of the answers, where No. 1 is better 
than No. 2, No. 2 is better than No. 3, etc.!  
Ex-forest lands. 
Industrial tree plantation areas. 
Scrub lands. 
Agricultural lands with bushes. 
Agricultural lands.  
Barren lands/grass. 
Your reasons?  
...................................................................................................................................................... 
...................................................................................................................................................... 
7. Do slopes have influences in choosing tree planting locations? 
Yes ............................................................. 1 
No. ............................................................. 2 (skip to No. 10). 
8. If yes, mark the slope levels below consecutively by putting number at left side of the 
answers, where No. 1 is better than No. 2, No. 2 is better than No. 3, etc.! 
0 - 2%   (flat)  
2 - 8% (Undulating/gently sloping) 
8 - 15% (Rolling/sloping) 
15 - 25% (Hilly) 
25 - 40% (Mountainous)  
> 40% (Steep mountainous). 
Your reasons?  
...................................................................................................................................................... 
...................................................................................................................................................... 
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9. Are the rain day number and rain intensity in this village enough for tree plantations? 
Yes  ............................................................ 1 
No  ............................................................. 2. 
10. How far is your agricultural work from the roads?  
1 km ........................................................... 1  
2 km  .......................................................... 2 
3 km  .......................................................... 3 
4 km  .......................................................... 4. 
Your reasons? 
………………………………………………………………………..………….........................
....................................................................................................................................................... 
11. How far is your agricultural work from your house/village?  
1 km ........................................................... 1  
2 km  .......................................................... 2 
3 km  .......................................................... 3 
4 km  .......................................................... 4. 
Your reasons?   
………………………………………………………………..………….....................................
...................................................................................................................................................... 
12. How do you get to your agricultural work? 
      Walking .................................................... 1  
      By motorcycle  ......................................... 2 
      By bicycle ................................................  3 
      By boat ..................................................... 4 
      Others ....................................................... 5. 
13. How do you sell your tree products? 
Bring them to the market ………...........in Village/City …………......................................... 
Bring them to the industry……………..in Village/City ………………................................. 
The buyers from…………………………..come to the farm/hamlet/village.  
Others …………………………………………………………………………………………..  
14. In addition to land cover types, rainfall, soil types, and slopes, other factors such as proximity 
of land units to residences/villages, markets/industries, and to the roads are assumed to have 
influences in selecting tree plantation locations. Please estimate the percentage of importance 
of each factor below: 
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Factor Influence (%) 
Proximity to the road  
Proximity to the residence/village  
Proximity to the market/industry  
Land cover 
1
)  
Rainfall 
2
)  
Soil type 
3
)  
Slope 
4
)  
Total 100 
Explanations? 
 
 
15. How much land do you cultivate with your family?________ ha. 
 
16. Who people from your family are working in the land? ...................,  ..................................... 
17. What are you planting in the land now? 
............................... mixed with ......................Area..............ha.   
............................... mixed with ......................Area............ .ha.   
............................... mixed with ......................Area..............ha.    
The reasons of the plant combinations?   
......................................................................................................................................................
..................................................................................................................................................... 
18. Especially for the rubber tree farm, how much land (hectare) that can be cultivated with 
several systems below: 
If cultivated by the head of household only: __________ ha (1 person)…............................  1. 
If cultivated by the head of household + a housewife: __________ ha (2 people)…............  2. 
If cultivated by the head of household + a housewife + a child or a worker: __________ ha    
(3 people).  ….......................................................................................................................... 3. 
Other system.........................................................: __________ha. ......................................  4. 
19. Based on the work systems above (No. 19), which system mostly applied by farmers? 
(Choose number only): ........................................................................................................ 
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Notes: 
1
)  = Land covers consist of:  
         a. Secondary forests 
         b. Industrial tree plantations 
         c. Shrubs/scrubs 
  d. Agricultural lands with bushes 
         e. Agricultural lands 
  f. Barren lands/grass lands. 
2
) = Rainfall consists of: 
  a. 2500 - 3000 mm/year (high) 
  b. 2000 - 2500 mm/year (low) 
3
)   = Soil types consist of: 
  a. Latozol 
  b. Complex red-yellow podzolic - latozol 
  c. Red-yellow podzolic 
  d. Complex red-yellow podzolic - lateritic. 
4
) = Slopes consist of: 
  a. 0 - 8% 
  b. 8 - 15% 
  c. 15 - 25% 
  d. 25 - 40% 
   e. > 40%. 
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Appendix B. Questionnaire for Non-farmers 
 
 
Questionnaire for non-farmers                                                                                            No. 
 
 
GIS-BASED APPROACH TO PARTICIPATORY LAND SUITABILITY ANALYSIS 
FOR TREE PLANTATIONS  
 
INSTITUTION : 
OCCUPATION/POSITION: 
SPECIALIZATION : 
WORK EXPERIENCE :  
 
INTERVIEWING DATE : 
INTERVIEWER : Basir  
ADDRESS 1 : Jl. Papuyu No. 61 Banjarbaru 70714, Indonesia 
ADDRESS 2 : 2102 S Orchard St. APT 201 Urbana, Illinois 61801  USA 
E-MAIL : achmad@illinois.edu 
PHONE NO. : 477-3837 (Indonesia), 1-217-542-1521 (USA). 
 
- Information will be used for: Dissertation Research 
- Informant: Non-farmers
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1. Production forest areas of Banjar district have some kinds of land covers, rainfall, soil types, 
and slopes that are assumed as criteria influencing the local communities in selecting tree 
plantation locations for people plantations (Hutan Tanaman Rakyat). Please order the 
characteristics of each factor based on their suitability for tree plantation locations by putting 
a number (No. 1 is better than No. 2, No. 2 is better than No. 3 etc.). 
Criterion Characteristic Number 
Land cover/land 
use 
Secondary forest land  
Industrial tree plantation area  
Agricultural land  
Agricultural land with bush  
Scrub/shrub  
Barren land/grass land  
Explanation:  
 
 
 
Criterion Characteristic Number 
Rainfall 
2500 - 3000 mm/year  
2000 - 2500 mm/year  
Explanation:  
 
 
 
Criterion Characteristic Number 
Soil type 
Latozol  
Complex red-yellow podzolic – latozol  
Red-yellow podzolic  
Complex red-yellow podzolic – lateritic  
Explanation:  
 
 
 
Criterion Characteristic Number 
Slope 
00 - 02%  
02 - 08%  
08 - 15%  
15 - 25%  
25 - 40%  
> 40%  
Explanation:  
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2. In addition to physical criteria in question No. 1 above, proximity of tree plantation locations 
to roads, residences/villages, and to markets/industries is assumed to have influences in 
selecting tree plantation locations. Please estimate the percentage of importance of each factor 
below in selecting tree plantation locations. 
Criterion Influence (%) 
Proximity  to the road  
Proximity to the residence/village  
Proximity to the market/industry  
Land cover  
Rainfall   
Soil type  
Slope   
Total 100 
Explanation? 
 
 
 
 
 
 
3. Please order several tree species that are most suitable and profitable for people plantations in 
Production Forest areas of Banjar district. 
a. ……………………………………………. 
b. …………………………………………… 
c. …………………………………………… 
d. …………………………………………… 
etc. 
 
 
Please explain your reasons! 
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
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Appendix C. Process of Matching Land Characteristics to Rubber Tree Requirements 
RUBBER TREE REQUIREMENT 
LAND CHARACTERISTICS OF LAND SYSTEM 
Land  
Quality 
Land 
Characteristic 
Land Suitability Rating 
S1 S2 S3 N MAPUT TEWEH 
BUKIT 
PANDAN 
PAKALUNAI 
t- Tempera- 
    ture 
   Regime 
1. Average 
    Annual   
    Temp. (ºC) 
26 - 30 
31 - 34 
25 - 24 
23 - 22 
> 34 
< 22 
20 - 31 23 - 32 21 - 32 15 - 31 
w- Water 
   Availability 
1. Dry month  
    (< 75 mm) 
0 1 2 > 2 0 - 4 0 - 3 1 - 2 0 - 2 
2. Average 
    Annual  
    Rainfall (mm) 
2500 - 4000 
4000 
2500 - 2000 
2000 - 
1500 
< 1500 2200 - 4400 2700 - 4500 3500 - 3800 2200 - 4600 
r- Rooting  
    Condition 
 
1. Soil Drainage  
    Class 
Well 
Moderately 
well, somewhat 
excessive 
Somewhat 
poor 
Very poor, 
poor, 
excessive 
Well, 
Moderately 
well 
Well, 
Moderately 
well 
Well, 
Moderately 
well 
Well, 
Moderately 
well 
2. Soil Texture  
    (surface) 
Sandy loam, 
loam, sandy clay 
loam, silt loam, 
silt, clay loam, 
silty clay loam 
Loamy sand, 
sandy clay 
Silty clay 
structured 
clay 
Gravels, 
sands, 
massive 
clay 
Fine, 
moderately 
fine 
Fine, 
moderately 
fine 
Fine, 
moderately 
fine 
Moderately 
fine, 
moderately 
coarse 
3. Rooting Depth  
    (cm) 
> 200 130 - 199 80 - 129 < 80 
76 - 100,  
> 150 cm 
101 - 150 cm 
101 - 150 
cm 
76 - 100 cm 
f- Nutrition 
    Retention 
1. CEC me/100g  
    Soil (subsoil) 
≥ Medium Low  Very low  
Med. (17-24 
meq/100 g) 
Low (5 - 16 
meq/100 g) 
Med. (17-24 
meq/100 g) 
Medium (17 - 
24 meq/100 g) 
2. pH (surface  
    Soil) 
4.0 - 7.0 
7.1 - 7.5 
3.9 - 3.0 
7.6 - 8.5 
< 3.0 
> 8.5 4.6 - 5.0 4.6 - 5.0 5.1 - 5.5 4.6 - 5.0 
n- Nutrient  
   Availability 
1. Total N  
    (surface) 
≥ Medium Low Very low   Low   
2. Available P2O5  
      (surface) 
≥ High (26 - 
35 ppm) 
Med. (16 - 
25 ppm) 
Low (10 - 
15 ppm) 
Very low 
(<10 ppm) 
Very low 
(<10 ppm) 
Very low 
(<10 ppm) 
Very low 
(<10 ppm) 
Very low (< 
10 ppm) 
3. Available K2O  
       (surface) 
≥ Low Very low   
Low (10 - 20 
mg) 
Low (10 - 20 
mg) 
Med. (21 - 40 
mg), low (10  -
20 mg) 
Very low (< 10 
mg) 
x- Toxicity 
1. Salinity mhos/  
    cm (subsoil) 
< 1 1 - 3 3 - 6 > 6 < 4.0 < 4.0 < 4.0 < 4.0 
s- Terrain 
1. Slope % 0 - 8 8 - 15 15 - 50 > 50 8 - 15 8 - 15 8 - 15 8 - 15 
2. Surface 
stoniness 
0 1 2 ≥ 3 0 0 0 0 
3. Rock outcrop 0 1 2 ≥ 3 10 0 5 5 
 227 
 
Appendix C. (cont.) 
RUBBER TREE REQUIREMENT 
LAND CHARACTERISTICS OF LAND SYSTEM 
Land 
Quality 
Land Characteristic 
Land Suitability Rating 
S1 S2 S3 N LUANG HONJA PENDREH MANTALAT 
t- Temperatu- 
re Regime 
1. Average Annual   
    Temp. (ºC) 
26 - 30 
31 - 34 
25 - 24 
23 - 22 
> 34 
< 22 
18 - 33 22 - 31 19 - 31 21 - 3 2 
w- Water   
Availability 
1. Dry months  
    (< 75 mm) 
0 1 2 > 2 0 - 5 0 - 1 1 - 3 0 - 4 
2. Average Annual  
    Rainfall (mm) 
2500 - 4000 
4000 
2500 - 2000 
2000 - 
1500 
< 1500 1700 - 4100 2700 - 4600 2400 - 3200 1900 - 2700 
r- Rooting  
    Condition 
 
1. Soil Drainage  
    Class 
Well 
Moderately 
well, 
somewhat 
excessive 
Somewhat 
poor 
Very poor, 
poor, 
excessive 
Well, 
moderately 
well 
Well, 
moderately 
well 
Well, 
moderately 
well 
Well, 
moderately 
well 
2. Soil Texture  
    (surface) 
Sandy loam, 
loam, sandy 
clay loam, silt 
loam, silt, clay 
loam, silty clay 
loam 
Loamy sand, 
sandy clay 
Silty clay 
structured 
clay 
Gravels, 
sands, 
massive 
clay 
Fine, 
moderately 
fine 
Fine, 
moderately 
fine 
Moderately 
fine, 
moderately 
coarse 
Fine, 
moderately 
fine 
3. Rooting Depth  
    (cm) 
> 200 130 - 199 80 - 129 < 80 76 - 100 101 - 150 26 - 50 101 - 150 
f- Nutrition 
Retention 
1. CEC me/100 g  
    Soil (subsoil) 
≥ Medium Low  Very low n/a 
Med. (17-24 
meq/100 g) 
Low (5-16 
meq/100 g) 
n/a 
Low (5-16 
meq/100 g) 
2. pH (surface  
    Soil) 
4.0 - 7.0 
7.1 - 7.5 
3.9 - 3.0 
7.6 - 8.5 
< 3.0 
> 8.5 
6.1 - 6.5, 6.6 
- 7.3 
4.6 - 5 4.6 - 5 4.6 - 5 
n- Nutrient  
Availability 
1. Total N  
    (surface) 
≥ Medium Low Very low n/a n/a n/a n/a n/a 
2. Available P2O5  
      (surface) 
≥ High (26 - 
35 ppm) 
Medium (16 - 
25 ppm) 
Low (10 - 
15 ppm) 
Very low 
(< 10 ppm) 
Low (10 - 15 
ppm) 
n/a n/a 
Very low (< 
10 ppm) 
3. Available K2O  
       (surface) 
≥ Low Very low   
Low (10-
20mg), very 
low (< 10 
mg) 
Low (10 - 20 
mg), very 
low (< 10 
mg) 
n/a 
Very low (< 
10 mg) 
x- Toxicity 
1. Salinity mhos/  
    cm (subsoil) 
< 1 1 - 3 3 - 6 > 6 < 4.0 < 4.0 < 4.0 < 4.0 
s- Terrain 
1. Slope % 0 - 8 8 - 15 15 - 50 > 50 > 16 8 - 15 8 - 15 8 - 15 
2. Surface  
    Stoniness 
0 1 2 ≥ 3 n/a n/a n/a n/a 
3. Rock outcrop 0 1 2 ≥ 3 5 5 10 10 
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Appendix C. (cont.) 
RUBBER TREE REQUIREMENT 
LAND CHARACTERISTICS OF LAND SYSTEM 
Land   
Quality 
Land 
Characteristic 
Land Suitability Rating 
S1 S2 S3 N 
LAWANGU-
ANG 
BAKUNAN RANGANKAU 
t- Temperatu- 
re Regime 
1. Average Annual   
    Temp. (ºC) 
26 - 30 
31 - 34 
25 - 24 
23 - 22 
> 34 
< 22 
21 - 33 22 - 32 23 - 31 
w- Water   
Availability 
1. Dry months  
    (< 75 mm) 
0 1 2 > 2 0 - 4 0 - 5 0 - 1 
2. Average Annual  
    Rainfall (mm) 
2500 - 4000 
4000, 
2500 - 2000 
2000 - 1500 < 1500 1600 - 3600 2200 - 4500 2500 - 4200 
r- Rooting  
Conditions 
 
1. Soil Drainage  
    Class 
Well 
Moderately 
well, somewhat 
excessive 
Somewhat 
poor 
Very poor, 
poor, 
excessive 
Well, 
moderately 
well 
Poor, imperfect 
Well, 
moderately 
well, poor 
2. Soil Texture  
    (surface) 
Sandy loam, loam, 
sandy clay loam, 
silt loam, silt, clay 
loam, silty clay 
loam 
Loamy sand, 
sandy clay 
Silty clay 
structured 
clay 
Gravels, 
sands, 
massive 
clay 
Fine, 
moderately 
fine 
Fine, 
moderately fine, 
moderately 
coarse 
Fine, 
moderately fine 
3. Rooting Depth  
    (cm) 
> 200 130 - 199 80 – 129 < 80 101 - 150 101 - 150 101 - 150 
f- Nutrition 
Retention 
1. CEC me/100g  
    Soil (subsoil) 
≥ Medium Low  Very low  
Low (5-16 
meq/100 g) 
Medium (17-24 
meq/100 g) 
Low (5-16 meq/ 
100 g) 
2. pH (surface  
    Soil) 
4.0 - 7.0 
7.1 - 7.5 
3.9 - 3.0 
7.6 - 8.5 
< 3.0 
> 8.5 4.0 - 4.5 5.6 - 6.0 4.0 - 4.5.0 
n- Nutrient  
Availability 
1. Total N  
    (surface) 
≥ Medium Low Very low  n/a n/a n/a 
2. Available P2O5  
      (surface) 
≥ High (26 - 35 
ppm) 
Medium (16 - 
25 ppm) 
Low (10 - 
15 ppm) 
Very low 
(< 10 ppm) 
Very low (< 
10 ppm) 
Very low (< 10 
ppm) 
Very low (50 
ppm) 
3. Available K2O  
       (surface) 
≥ Low Very low   Low (10-20 mg) 
Low (10-20 
mg) 
Very low (< 10 
mg) 
x- Toxicity 
1. Salinity mhos/  
    cm (subsoil) 
< 1 1 - 3 3 – 6 > 6 < 4.0 < 4.0 < 4.0 
s- Terrain 
1. Slope % 0 - 8 8 - 15 15 - 50 > 50 2 - 8 8 - 15 2 - 8 
2. Surface  
|   Stoniness 
0 1 2 ≥ 3 n/a n/a n/a 
3. Rock outcrop 0 1 2 ≥ 3 0 0 5 
Source: - CSR/FAO Staff, 1983 
 - ReppRoT, 1983. 
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Appendix D. The Result of Matching Land Characteristics to Rubber Tree Requirements  
RUBBER TREE REQUIREMENT 
LAND CHARACTERISTICS OF LAND SYSTEM 
Land 
 Quality 
Land 
Characteristic 
Land Suitability Rating 
S1 S2 S3 N MAPUT TEWEH 
BUKIT 
PANDAN 
PAKALUNAI LUANG 
t- Temperatu- 
    re Regime 
1. Average 
    Annual   
    Temp. (ºC) 
26 - 30 
31 - 34 
25 - 24 
23 - 22 
> 34 
< 22 
N S3 N N N 
w- Water   
Availability 
1. Dry months  
    (< 75 mm) 
0 1 2 > 2 N N S2 S2 N 
2. Average 
    Annual  
    Rainfall (mm) 
2500 - 4000 
4000 
2500 – 2000 
2000 - 
1500 
< 1500 S2 S1 S1 S2 S3 
r- Rooting  
Condition 
 
1. Soil Drainage  
    Class 
Well 
Moderately 
well, somewhat 
excessive 
Somewhat 
poor 
Very poor, 
poor, 
excessive 
S2 S2 S2 S2 S2 
2. Soil Texture  
    (surface) 
Sandy loam, 
loam, sandy 
clay loam, silt 
loam, silt, clay 
loam, silty clay 
loam 
Loamy sand, 
sandy clay 
Silty clay 
structured 
clay 
Gravels, 
sands, 
massive 
clay 
S2 S2 S2 S3 S2 
3. Rooting Depth  
    (cm) 
> 200 130 - 199 80 - 129 < 80 N S3 S3 N N 
f- Nutrition 
   Retention 
1. CEC me/100g  
    Soil (subsoil) 
≥ Medium Low  Very low  S1 S2 S1 S1 S1 
2. pH (surface  
    Soil) 
4.0 - 7.0 
7.1 - 7.5 
3.9 - 3.0 
7.6 - 8.5 
< 3.0 
> 8.5 S1 S1 S1 S1 S2 
n- Nutrient  
 Availability 
1. Total N  
    (surface) 
≥ Medium Low Very low  n/a S2 n/a n/a n/a 
2. Available P2O5  
      (surface) 
≥ High (26 - 
35 ppm) 
Med. (16 - 25 
ppm) 
Low (10 - 
15 ppm) 
Very low 
(< 10 ppm) 
N N N N S3 
3. Available K2O  
       (surface) 
≥ Low Very low   S1 S1 S1 S2 S1 
x- Toxicity 
1. Salinity mhos/  
    cm (subsoil) 
< 1 1 - 3 3 - 6 > 6 S3 S3 S3 S3 S3 
s- Terrain 
1. Slope % 0 - 8 8 - 15 15 - 50 > 50 S2 S2 S2 S2 S3 
2. Surface  
    stoniness 
0 1 2 ≥ 3 S1 S1 S1 S1 n/a 
3. Rock outcrop 0 1 2 ≥ 3 N S1 N N N 
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Appendix D. (cont.) 
RUBBER TREE REQUIREMENT 
LAND CHARACTERISTICS OF LAND SYSTEM 
Land  
Quality 
Land 
Characteristic 
Land Suitability Ratings 
S1 S2 S3 N HONJA PENDREH MANTALAT LAWANGUANG 
t- 
Temperature 
   Regime 
1. Average 
    Annual   
    Temp. (ºC) 
26 - 30 
31 - 34 
25 - 24 
23 - 22 
> 34 
< 22 
S3 N N N 
w- Water 
    
Availability 
1. Dry months  
    (< 75 mm) 
0 1 2 > 2 S2 N N N 
2. Average 
    Annual  
    Rainfall (mm) 
2500 - 4000 
4000 
2500 - 
2000 
2000 - 
1500 
< 1500 S1 S2 S3 S3 
r- Rooting  
    Condition 
 
1. Soil Drainage  
    Class 
Well 
Moderately 
well, 
somewhat 
excessive 
Somewhat 
poor 
Very poor, 
poor, 
excessive 
S2 S2 S2 S2 
2. Soil Texture  
    (surface) 
Sandy loam, 
loam, sandy clay 
loam, silt loam, 
silt, clay loam, 
silty clay loam 
Loamy 
sand, sandy 
clay 
Silty clay 
structured 
clay 
Gravels, 
sands, 
massive 
clay 
S2 S3 S2 S2 
3. Rooting Depth  
    (cm) 
> 200 130 - 199 80 - 129 < 80 S3 N S3 S3 
f- Nutrition 
    Retention 
1. CEC me/100g  
    Soil (subsoil) 
≥ Medium Low  Very low  S2 n/a S2 S2 
2. pH (surface  
    Soil) 
4.0 - 7.0 
7.1 - 7.5 
3.9 - 3.0 
7.6 - 8.5 
< 3.0 
> 8.5 S1 S1 S1 S1 
n- Nutrient  
    
Availability 
1. Total N  
    (surface) 
≥ Medium Low Very low  n/a n/a n/a n/a 
2. Available P2O5  
      (surface) 
≥ High (26 - 
35 ppm) 
Med.(16 - 
25 ppm) 
Low (10 - 
15 ppm) 
Very low 
(< 10 ppm) 
N n/a S3 N 
3. Available K2O  
       (surface) 
≥ Low Very low   S1 n/a S2 S1 
x- Toxicity 
1. Salinity mhos/  
    cm (subsoil) 
< 1 1- 3 3 - 6 > 6 S3 S3 S3 S3 
s- Terrain 
1. Slope % 0 - 8 8 - 15 15 - 50 > 50 S2 S2 S2 S1 
2. Surface 
stoniness 
0 1 2 ≥ 3 n/a n/a n/a n/a 
3. Rock outcrop 0 1 2 ≥ 3 N N N S1 
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Appendix D. (cont.) 
RUBBER TREE REQUIREMENT 
LAND CHARACTERISTICS OF LAND SYSTEM 
Land Quality Land Characteristic 
Land Suitability Rating 
S1 S2 S3 N BAKUNAN RANGANKAU 
t- Temperatu- 
    re Regime 
1. Average Annual   
    Temp. (ºC) 
26 - 30 
31 - 34 
25 - 24 
23 - 22 
> 34 
< 22 
S3 S3 
w- Water 
   Availability 
1. Dry months  
    (< 75 mm) 
0 1 2 > 2 N S2 
2. Average Annual  
    Rainfall (mm) 
2500 - 4000 
4000 
2500 - 2000 
2000 - 
1500 
< 1500 S2 S1 
r- Rooting  
    Condition 
 
1. Soil Drainage  
    Class 
Well 
Moderately 
well, 
somewhat 
excessive 
Somewhat 
poor 
Very poor, 
poor, 
excessive 
N N 
2. Soil Texture  
    (surface) 
Sandy loam, 
loam, sandy 
clay loam, silt 
loam, silt, clay 
loam, silty clay 
loam 
Loamy 
sand, sandy 
clay 
Silty clay 
structured 
clay 
Gravels, 
sands, massive 
clay 
S3 S2 
3. Rooting Depth  
    (cm) 
> 200 130 - 199 80 - 129 < 80 S3 S3 
f- Nutrition 
    Retention 
1. CEC me/100g  
    Soil (subsoil) 
≥ Medium Low  Very low  S1 S2 
2. pH (surface  
    Soil) 
4.0 - 7.0 
7.1 - 7.5 
3.9 - 3.0 
7.6 - 8.5 
< 3.0 
> 8.5 S1 S1 
n- Nutrient  
    
Availability 
1. Total N  
    (surface) 
≥ Medium Low Very low  n/a n/a 
2. Available P2O5  
      (surface) 
≥ High (26 - 
35 ppm) 
Med. (16 - 
25 ppm) 
Low (10 - 
15 ppm) 
Very low (< 
10 ppm) 
N N 
3. Available K2O  
       (surface) 
≥ Low Very low   S1 S2 
x- Toxicity 
1. Salinity mhos/  
    cm (subsoil) 
< 1 1 - 3 3 - 6 > 6 S3 S3 
s- Terrain 
1. Slope % 0 - 8 8 - 15 15 - 50 > 50 S2 S1 
2. Surface stoniness 0 1 2 ≥ 3 n/a n/a 
3. Rock outcrop 0 1 2 ≥ 3 S1 N 
Source:  - CSR/FAO Staff, 1983 
 - Analysis results, 2012. 
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Appendix E. Financial Analysis of Rubber Tree Plantations with Hired Labor System 
DESCRIPTION 
AGE (YEAR) 
0 1 2 3 4 5 6 7 8 9 
BENEFITS (RP):           
Latex production/tree 
(Kg) 
            0.0157 0.0190 0.02200 0.025 
Latex production/ha/year 
(Kg) 
            1881.80 2277.34 2636.92 2996.50 
Gross Income from 
Latex (Rp) 
            23522525 28466750 32961500 37456250 
Rubber wood                     
Total Benefits (Rp)             23522525 28466750 32961500 37456250 
COSTS (Rp):           
Wood harvesting cost                     
Wood transport                     
Seedling procurement 1803125                   
Replanting   193385.2 96692.6 32230.9             
Cutting of Bush & Scrub 556250                   
Burning of cut bush & 
scrub 
200000                   
Herbicide/roundup 300000 300000 300000 300000 300000 150000 150000 150000 150000 150000 
Labor for herbicide 200000 200000 200000 200000 200000 100000 100000 100000 100000 100000 
Marking planting hole 200000                   
Making planting hole 250000                   
Planting 500000                   
Tapping labor             11761263 14233375 16480750 18728125 
Depreciation 410000     410000           410000 
Fertilizer 150000 150000 150000 150000 150000 150000 600000 600000 600000 600000 
Fertilizer for latex 
lumping 
            3764 4555 5274 5993 
Total Cost (Rp) 4569375 843385 746693 1092231 650000 400000 12615026 15087930 17336024 19994118 
Net Income (Rp) -4569375 -843385 -746693 -1092231 -650000 -400000 10907499 13378820 15625476 17462132 
Cumulative (Rp)  -5412760 -6159453 -7251684 -7901684 -8301684 2605815 15984635 31610111 49072243 
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Appendix E. (cont.) 
DESCRIPTION 
AGE (YEAR) 
10 11 12 13 14 15 16 17 18 
Latex production/tree 
(Kg) 
0.027 0.032 0.035 0.037 0.04 0.05 0.05 0.041 0.039 
Latex production/ha/year 
(Kg) 
3236.22 3835.52 4195.10 4434.82 5273.84 6112.86 5753.28 4914.26 4674.54 
Gross Income from 
Latex (Rp) 
40452750 47944000 52438750 55435250 65923000 76410750 71916000 61428250 58431750 
Rubber wood                   
Total Income (Rp) 40452750 47944000 52438750 55435250 65923000 76410750 71916000 61428250 58431750 
Cost (Rp):          
Wood harvesting cost                   
Wood transport                   
Seedling procurement                   
Replanting                   
Cutting of Bush & Scrub                   
Burning of cut bush & 
scrub 
                  
Herbicide/roundup 150000 150000 150000 150000 150000 150000 150000 150000 150000 
Labor for herbicide 100000 100000 100000 100000 100000 100000 100000 100000 100000 
Marking planting hole                   
Making planting hole                   
Planting                   
Tapping labor 20226375 23972000 26219375 27717625 32961500 38205375 35958000 30714125 29215875 
Depreciation     410000     410000     410000 
Fertilizer 600000 600000 600000 600000 600000 600000 600000 600000 600000 
Fertilizer for latex 
lumping 
6472 7671 8390 8870 10548 12226 11507 9829 9349 
Total Cost (Rp) 21082847 24829671 27487765 28576495 33822048 39477601 36819507 31573954 30485224 
Net Income (Rp) 19369903 23114329 24950985 26858755 32100952 36933149 35096493 29854296 27946526 
Cumulative (Rp) 68442146 91556475 116507460 143000000 175467167 212400316 247496809 277351105 305297631 
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Appendix E. (cont.) 
DESCRIPTION 
AGE (YEAR) 
19 20 21 22 23 24 25 TOTAL 
 
NET 
INCOME 
PER  
YEAR 
(Rp) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NET 
INCOME 
PER 
MONTH 
(Rp) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Latex production/tree 
(Kg) 
0.039 0.030 0.025 0.025 0.019 0.018 0.017 0.59 
Latex production/ha/ 
year (Kg) 
4674.54 3595.80 2996.50 2996.50 2277.34 2157.48 2037.62 71076.98 
Gross Income from 
Latex (Rp) 
58431750 44947500 37456250 37456250 28466750 26968500 25470250 888462250 
Rubber wood             17500000 17500000 
Total Income (Rp) 58431750 44947500 37456250 37456250 28466750 26968500 42970250 905962250 
Cost (Rp):         
Wood harvesting cost             3750000 3750000 
Wood transport             5000000 5000000 
Seedling procurement               0 
Replanting               0 
Cutting of Bush & 
Scrub 
              0 
Burning of cut bush & 
scrub 
              0 
Herbicide/roundup 150000 150000 150000 150000 150000 150000   2700000 
Labor for herbicide 100000 100000 100000 100000 100000 100000   1800000 
Marking planting hole               0 
Making planting hole               0 
Planting               0 
Tapping labor 29215875 22473750 18728125 18728125 14233375 13484250 12735125 444231125 
Depreciation     410000         2050000 
Fertilizer 600000 600000 600000 600000 600000 600000 600000 11400000 
Fertilizer for latex 
lumping 
9349 7192 5993 5993 4555 4315 4075 142154 
Total Cost (Rp) 30075224 23330942 19994118 19584118 15087930 14338565 22089200 471073279 
Net Income (Rp) 28356526 21616558 17462132 17872132 13378820 12629935 20881050 434888971 16726499  1393875 
Cumulative (Rp) 333654157 355270715 372732847 390604979 403983799 416613734 437494784    
 
  
 235 
 
Appendix F. Financial Analysis of Rubber Tree Plantations with Community’s Own Labor System 
DESCRIPTION 
AGE (YEAR) 
0 1 2 3 4 5 6 7 8 9 
Latex production/tree 
(Kg) 
            0.0157 0.0190 0.02200 0.025 
Latex production/ha/ 
year (Kg) 
            1881.80 2277.34 2636.92 2996.50 
Gross Income from 
Latex (Rp) 
            23522525 28466750 32961500 37456250 
Rubber wood                     
Total Income (Rp)             23522525 28466750 32961500 37456250 
Costs (Rp):           
Wood transport                     
Seedling procurement 1803125                   
Replanting   193385.2 96692.6 32230.9             
Herbicide/roundup 300000 300000 300000 300000 300000 150000 150000 150000 150000 150000 
Depreciation 410000     410000           410000 
Fertilizer 150000 150000 150000 150000 150000 150000 600000 600000 600000 600000 
Fertilizer for latex 
lumping 
            3764 4555 5274 5993 
Total Cost (Rp) 2663125 643385 546693 892231 450000 300000 753764 754555 755274 1165993 
Net Income (Rp) -2663125 -643385 -546693 -892231 -450000 -300000 22768761 27712195 32206226 36290257 
Cumulative (Rp)  -3306510 -3853203 -4745434 -5195434 -5495434 17273327 44985522 77191748 113482005 
 
  
 236 
 
Appendix F. (cont.) 
DESCRIPTION 
AGE (YEAR) 
10 11 12 13 14 15 16 17 18 
Latex production/tree 
(Kg) 
0.027 0.032 0.035 0.037 0.04 0.05 0.05 0.041 0.039 
Latex production/ha/ 
year (Kg) 
3236.22 3835.52 4195.10 4434.82 5273.84 6112.86 5753.28 4914.26 4674.54 
Gross Income from 
Latex (Rp) 
40452750 47944000 52438750 55435250 65923000 76410750 71916000 61428250 58431750 
Rubber wood                   
Total Income (Rp) 40452750 47944000 52438750 55435250 65923000 76410750 71916000 61428250 58431750 
Cost (Rp):          
Wood transport                   
Seedling procurement                   
Replanting                   
Herbicide/roundup 150000 150000 150000 150000 150000 150000 150000 150000 150000 
Depreciation     410000     410000     410000 
Fertilizer 600000 600000 600000 600000 600000 600000 600000 600000 600000 
Fertilizer for latex 
lumping 
6472 7671 8390 8870 10548 12226 11507 9829 9349 
Total Cost (Rp) 756472 757671 1168390 758870 760548 1172226 761507 759829 1169349 
Net Income (Rp) 39696278 47186329 51270360 54676380 65162452 75238524 71154493 60668421 57262401 
Cumulative (Rp) 153178283 200364612 251634972 306311352 371473804 446712328 517866821 578535242 635797643 
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Appendix F. (cont.) 
DESCRIPTION 
AGE (YEAR) 
19 20 21 22 23 24 25 TOTAL 
 
NET 
INCOME 
PER  
YEAR 
(Rp) 
 
 
 
 
 
 
 
 
 
 
 
NET 
INCOME 
PER 
MONTH 
(Rp) 
 
 
 
 
 
 
 
 
 
 
Latex production/ 
tree (Kg) 
0.039 0.030 0.025 0.025 0.019 0.018 0.017 0.59 
Latex production/ha/ 
year (Kg) 
4674.54 3595.80 2996.50 2996.50 2277.34 2157.48 2037.62 71076.98 
Gross Income from 
Latex (Rp) 
58431750 44947500 37456250 37456250 28466750 26968500 25470250 888462250 
Rubber wood             17500000 17500000 
Total Income (Rp) 58431750 44947500 37456250 37456250 28466750 26968500 42970250 905962250 
Cost (Rp):         
Wood transport             5000000 5000000 
Seedling 
procurement 
              0 
Replanting               0 
Herbicide/roundup 150000 150000 150000 150000 150000 150000   2700000 
Depreciation     410000         2050000 
Fertilizer 600000 600000 600000 600000 600000 600000 600000 11400000 
Fertilizer for latex 
lumping 
9349 7192 5993 5993 4555 4315 4075 142154 
Total Cost (Rp) 759349 757192 1165993 755993 754555 754315 5604075 21292154 
Net Income (Rp) 57672401 44190308 36290257 36700257 27712195 26214185 37366175 884670096 34025773 2835481 
Cumulative (Rp) 693470044 737660352 773950609 810650866 838363061 864577246 901943421    
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Appendix G. NPV, BCR, and IRR of Rubber Tree Plantations (Hired Labor 
System) with Interest Rate 12% per year 
NPV (Year) BC RATIO 
YEAR NPV (Rp) 
Discounted 
Benefit 
Discounted 
Cost 
BCR 
(Year) 
BC RATIO = 
 
Total Discounted 
Benefit 
 
 
Total Discounted 
Cost 
 
= 1.78 
0 -4569375 0 4569375 0 
1 -753022 0 753022 0 
2 -595259 0 595259 0 
3 -777428 0 777428 0 
4 -413087 0 413087 0 
5 -226971 0 226971 0 
6 5526078 11917243 6391165 1.86 
7 6051899 12876912 6825013 1.89 
8 6310868 13312597 7001729 1.90 
9 6297020 13507099 7210079 1.87 
10 6236590 13024703 6788113 1.92 
11 6644817 13782754 7137937 1.93 
12 6404296 13459721 7055425 1.91 
13 6155334 12704329 6548995 1.94 
14 6568491 13489152 6920661 1.95 
15 6747548 13959958 7212410 1.94 
16 5724998 11731057 6006059 1.95 
17 4348109 8946677 4598568 1.95 
18 3634155 7598441 3964286 1.92 
19 3292385 6784322 3491937 1.94 
20 2240919 4659562 2418643 1.93 
21 1616288 3466936 1850648 1.87 
22 1476998 3095479 1618481 1.91 
23 987196 2100503 1113307 1.89 
24 832087 1776742 944655 1.88 
25 1228292 2527652 1299360 1.95 
TOTAL 80989226 184721839 103732613  
NPV = 0,  IRR = 43.34%    
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Appendix H. NPV, BCR, and IRR of Rubber Tree Plantations (Community’s 
Own Labor System) with Interest Rate 12% per Year 
NPV (Year) BC RATIO 
YEAR NPV (Rp) 
Discounted 
Benefit 
Discounted 
Cost 
B/C (Year) 
BC RATIO = 
 
Total Discounted 
Benefit 
 
 
Total Discounted 
Cost 
 
= 21.29 
0 -2663125 0 2663125 0 
1 -574451 0 574451 0 
2 -435820 0 435820 0 
3 -635072 0 635072 0 
4 -285983 0 285983 0 
5 -170228 0 170228 0 
6 11535363 11917243 381880 31.21 
7 12535590 12876912 341322 37.73 
8 13007555 13312597 305042 43.64 
9 13086630 13507099 420469 32.12 
10 12781139 13024703 243564 53.48 
11 13564942 13782754 217812 63.28 
12 13159824 13459721 299897 44.88 
13 12530415 12704329 173913 73.05 
14 13333529 13489152 155623 86.68 
15 13745797 13959958 214161 65.18 
16 11606839 11731057 124218 94.44 
17 8836012 8946677 110665 80.84 
18 7446379 7598441 152062 49.97 
19 6696157 6784322 88166 76.95 
20 4581066 4659562 78496 59.36 
21 3359012 3466936 107924 32.12 
22 3033001 3095479 62477 49.55 
23 2044826 2100503 55677 37.73 
24 1727046 1776742 49696 35.75 
25 2198002 2527652 329650 7.67 
TOTAL 176044446 184721839 8677394  
NPV = 0,  IRR = 66.35%    
 
